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The Fisheries of Hawaii and U.S.-associated Pacific Islands 


Preface 


In the late 1980’s and early 1990's, 
significant changes occurred in the fish- 
eries of Hawaii. Expansion and diver- 
sification of pelagic fisheries and 
growth (including industrialization) of 
fisheries that, in at least some cases, 
had been largely recreational or 
artisanal led to fear of overfishing and 
problems in allocation among fishery 
sectors. Combined with establishment 
of limited entry programs in Hawaii 
fisheries (bottomfish, longline, and lob- 
ster), this led to anticipation that similar 
growth might occur in Guam, the North- 
ern Marianas, and American Samoa. 

In examining the status of fisheries 
in Hawaii and the other U.S.-associ- 
ated islands in the Pacific, however, it 
was evident that the availability of in- 
formation was limited largely to an- 
nual reports, agency administrative 
reports and data reports. Nowhere was 
there a published source of reference 
information dealing with fisheries in 
this region available to scientists and 
the public. 

A meeting of interested parties (and 
potential authors) late in 1991 at the 
U.S. National Marine Fisheries Ser- 
vice (NMFS) Honolulu Laboratory led 
to an agreement to develop a series of 
papers to address this shortcoming; 
participants agreed that papers summa- 
rizing these fisheries with up-to-date in- 
formation otherwise available only in 
unpublished form would be quite useful. 

The group decided to limit the scope 
of the volume to domestic, island-based 
(rather than distant-water) fisheries, 
thereby excluding tuna purse seine and 
albacore fisheries and island-based for- 
eign fleets in the case of Guam and 
American Samoa. Each paper was to 
include information on the biology of 
the species involved, a synopsis of the 
fishery (including historical trends, 
gear and vessel types, data sources and 
collection, status of stocks, and a brief 
description of markets), current re- 
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search and research needs, issues asso- 
ciated with management and regula- 
tion of the fishery, and future prospects. 
Because much of the source material 
for these papers comes from unpub- 
lished sources, however, it should be 
noted that restrictions on the citing of 
unpublished sources has been eased in 
this issue of Marine Fisheries Review 
to facilitate introducing the reader to 
some unconventional information 
sources. Readers interested in further 
information on, or copies of, these dif- 
ficult-to-find materials are referred to 
the authors of the papers. 

Virtually all papers planned for this 
volume were completed and provide 
comprehensive views of the fisheries. 
Lacking, however, is a paper on the 
fisheries of the Commonwealth of the 
Northern Mariana Islands (CNMI) 
which, although similar in geographic 
locality to Guam, has its own unique 
fisheries. For further information on 
CNMI, the reader is referred to Uchida 
(1983) for background and to Polovina 
et al. (1985), which summarizes the 
work conducted over several years in 
the “Resource Assessment Investiga- 
tion of the Mariana Archipelago”, or 
RAIOMA. This program was con- 
ducted by the NMFS Honolulu Labo- 
ratory. Other papers from this program 
describe specific fisheries: Deep 
bottomfish in Polovina (1985) and 
deep-sea shrimp in Ralston (1986). Un- 
fortunately, the nearshore and artisanal 
fisheries are not described, although 
some information is available in Uchida 
(1983) and Smith (1988). For specific 
information on fisheries catch in 
CNMI, the reader is also referred to 
“Fisheries Statistics of the Western 
Pacific” (Hamm et al.' and preceding 
yearly volumes). 


'Hamm, D. C., M. Quach, and R. Anto- 


nio. 1992. Fisheries statistics of the western 
Pacific, volume VIII. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Honolulu Lab., 
Southwest Fish. Sci. Cent. Admin. Rep. H-92- 
14, var. pagin. 


Acknowledgments 


This volume of papers would not 
have been possible without the efforts 
of many individuals. Obviously, the 
authors put in a great deal of work to 
meet (or nearly meet) deadlines for 
manuscripts and revisions. Editorial 
and graphics quality on many manu- 
scripts benefited from the work of Judy 
Beasley and Deborah Yamaguchi. The 
quality of the papers was increased ap- 
preciably by the efforts of external re- 
viewers, many of whom were authors 
of other papers. The following review- 
ers are acknowledged for providing criti- 
cal comments on the manuscripts 
(individuals designated with an asterisk 
reviewed more than one manuscript). 


Richard Brock 
Ray Buckley 
Atilio Coan 

Peter Craig 
Edward DeMartini 
Lucius Eldredge 
David Hamm 
Robert Harman* 
Donald Heacock* 
Kim Holland 
Walter Ikehara 
Kurt Kawamoto 
Bert Kikkawa 
Dorothy Lowman 
Craig MacDonald* 
Ken McDermond 
James Parrish 
Sam Pooley 
Stephen Ralston 
Gary Sakagawa 
Robert Schroeder 
Robert Skillman 
Kimberly Smith* 
James Uchiyama 
Richard Wass 


Finally, I thank Willis Hobart and 
his staff at the NMFS Scientific Publi- 
cations Office for putting the volume 





together, holding open an issue despite 
the usual delays and promises, and for 
continued encouragement. 


Literature Cited 


Polovina, J. J. 1985. Variation in catch rates 


and species composition in handline catches 
of deepwater snappers and groupers in the 
Mariana Archipelago. Proc. Fifth Int. Coral 
Reef Congr. 5:515-520. 

am , R. B. Moffitt, S. Ralston, P. M. 
Shiota, and H. A. Williams. 1985. Fisheries 


resource assessment of the Mariana Archi- 
pelago, 1982-1985. Mar. Fish. Rev. 
47(4):19-25. 

Ralston, S. 1986. An intensive fishing experi- 
ment for the caridean shrimp, Heterocarpus 
laevigatus, at Alamagan Island in the Mariana 
Archipelago. Fish. Bull. 84:927-934. 

Smith, B. D. (Editor). 1988. Topic reviews in 
insular resource development and management 
in the Pacific U.S.-affiliated Islands. Univ. 
Guam Mar. Lab. Tech. Rep. 88, 146 p. 

Uchida, R. N. 1983. Summary of environ- 
mental and fishing information on Guam 
and the Commonwealth of the Northern 


Mariana Islands: A review of the plankton 
communities and fishery resources. U.S. 
Dep. Commer., NOAA Tech. Memo. NMFS- 
SWFC-33, 111 p. 


George W. Boehlert 

Honolulu Laboratory 

NMFS Southwest Fisheries Science 
Center 

Honolulu, HI 96822-2396 


Marine Fisheries Review 





Fisheries and Marine Resources of Hawaii and 
the U.S.-associated Pacific Islands: An Introduction 


Introduction 


Fisheries of Hawaii and the U.S. in- 
sular Pacific are quite different from 
typical industrial and recreational fish- 
eries of the mainland U.S. Fisheries 
productivity in coastal waters of these 
tropical and subtropical islands may 
be similar to that in temperate conti- 
nental shelf-slope fish communities 
(Marten and Polovina, 1982), but the 
higher species diversity results in more 
diverse, lower volume fisheries. Larger, 
commercial fisheries are often depen- 
dent upon deep water, slope-dwelling 
species or the highly migratory pelagics 
such as tunas and billfishes. Although 
land masses in this region are small, 


George Boehlert is with the Honolulu Labora- 
tory, Southwest Fisheries Science Center, Na- 
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search, University of Hawaii, Honolulu, HI 
96822. Mention of trade names or commercial 
firms does not imply endorsement by the Na- 
tional Marine Fisheries Service, NOAA. 





ABSTRACT — The fisheries of Hawaii 
and other U.S.-associated islands in the 
Pacific Ocean are characterized by high 
diversity, both in the species exploited and 
the human cultures that exploit them. The 
commercial sector has undergone rapid 
growth in recent years, but recreational 
and subsistence sectors remain important. 
Information on these fisheries is generally 
not available in published form. This pa- 
per presents an overview and introduction 
to a volume of papers describing fisheries 
in the region, with the goal of making the 
information available to scientists and the 
general public. A great deal remains to be 
learned about the dynamics of these fish- 
eries as well as the associated issues in 
biological research, fisheries management, 
and environmental protection. 
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the U.S. Exclusive Economic Zone 
(EEZ) surrounding the island areas is 
immense, covering over 2 million 
square miles. Over this broad geo- 
graphic expanse, a variety of cultural 
differences affect fishing practices, and 
even those practices present today are 
significantly different from the native 
approaches to fishing methods in Ha- 
waii (Smith, 1993) and Guam (Hensley 
and Sherwood, 1993). Finally, varia- 
tions in the population size and in the 
fishing pressure on the nearshore eco- 
system are marked among islands, from 
the highly populated island of Oahu in 
Hawaii to sparsely populated islands 
elsewhere to the mostly uninhabited 
islands of the Northwestern Hawaiian 
Islands (NWHI) and Commonwealth 
of the Northern Mariana Islands 
(CNMI). 

The objective of this volume is to 
describe our current knowledge on the 
varied fisheries of Hawaii and the U.S.- 
associated islands of the Pacific. This 
introductory paper provides some gen- 
eral background on fisheries in the 
region. 


Diversity of Fisheries 


In the U.S. insular Pacific, the com- 
bination of highly complex habitats, 
high species diversity, and both native 
and newly introduced cultural practices 
leads to a diversity of fisheries unpar- 
alleled in most other parts of the U.S. 
Many fisheries are unique to certain 
localities, such as that for palolo worm 
in American Samoa (Craig et. al., 
1993), seasonal juvenile fisheries for 
rabbitfish in Guam (Hensley and 
Sherwood, 1993), and limpet, or opihi 
fisheries in Hawaii (Smith, 1993). Oth- 
ers are common to all islands, such as 
the seasonal fisheries for juvenile big- 


eye scad in all areas. The adults of 
these coastal pelagics, known as akule 
in Hawaii or atule in American Samoa, 
represent the largest volume fishery in 
nearshore waters but are poorly known 
in terms of their resource potential. 
Nearshore reef resources are often 
overexploited in populated areas, a 
problem perhaps characteristic of tropi- 
cal reef fisheries in general (Ferry and 
Kohler, 1987). 


Evolution of Fisheries 


With increasing population, chang- 
ing cultural composition, and advanc- 
ing technology, island fisheries have 
changed in many ways. Prior to west- 
ern colonization, indigenous peoples 
of the islands depended on the marine 
environment and had developed a 
unique knowledge of marine resources 
and varied approaches to conservation 
and management. The cultural impacts 
of colonization of the islands by non- 
indigenous peoples had marked effects 
and typically led to the decline of tra- 
ditional conservation measures (Jo- 
hannes, 1978); a concise description 
of how this happened in Belau, in the 
Western Caroline Islands, is provided 
by Johannes (1981). In Guam, Spanish 
persecution of Chammorros led to the 
demise of the traditional fishing meth- 
ods in the mid-1500’s (Hensley and 
Sherwood, 1993). Similarly, in Hawaii, 
it led to the decline of the traditional 
management regime of the native Ha- 
waiians that had long protected near- 
shore resources (Smith, 1993). Trends 
in the fisheries of Hawaii are perhaps 
the most pertinent to examine, for the 
greatest changes have occurred there 
and these may serve as a warning of 
what may come in the other island areas 
as populations increase there as well. 





Temporal trends of fisheries differ 
markedly. Shomura! described the dif- 
ferences in fisheries of Hawaii between 
1900 and 1986, the early period based 
upon a comprehensive data collection 
scheme and subsequent analysis by 
Cobb (1902) and the later period upon 
State of Hawaii commercial fishery 
data collection systems. While the two 
data sets are not identical in coverage, 
they provide useful comparisons. The 
total catch nearly doubled in the pe- 
riod considered. Shomura! noted sev- 
eral important trends related to the 
distance of the fishery from shore. 
Catch of coastal species declined by 
about 80%, while those of neritic- 
pelagics (akule, opelu) declined by 
40%. Catch of slope and seamount spe- 
cies increased by 80%, whereas many- 
fold increases in offshore pelagics catch 
were evident. 

It is likely that the decline of near- 
shore fisheries is based largely upon 
two factors. First, increasing popula- 
tion and improved fishing technology 
led to overfishing in the absence of 
effective management and regulations. 
Gillnet use, for example, is largely un- 
restricted, and this can have negative 
impacts on coral reef fish populations 
(Gobert, 1992). Similar concerns are 
expressed about this gear in Guam 
(Hensley and Sherwood, 1993). Sec- 
ond, habitat destruction from coastal 
development leads to a decline in avail- 
ability and quality of critical habitat 
area needed to support the reef popula- 
tions. This was most evident for spe- 
cies utilizing fishponds, a habitat which 
may be similar to estuaries for enhanc- 
ing juvenile fish production. The de- 
cline of the numbers and function of 
fishponds in Hawaii has been dramatic. 
Cobb (1902) documented the use of 
fishponds in his survey of fisheries of 
Hawaii and even then noted a marked 
decline in the numbers of functioning 
fishponds. While the reasons may 
differ, declining nearshore catches in 
American Samoa over the last two 


'R. S. Shomura. 1987. Hawaii’s marine fishery 
resources: Yesterday (1900) and today (1986). 
Honolulu Lab., Southwest Fish. Cent., Natl. 
Mar. Fish. Serv., NOAA, Honolulu, HI 96822- 
2396. Southwest Fish. Cent. Admin. Rep. H- 
87-21, 25 p. 


decades (Craig et al., 1993) are also a 
concern. 

Significant growth in several fish- 
ery sectors of Hawaii has been based 
upon improved technology and an ex- 
panded potential geographic range of 
fishing. The combination of increased 
catch and targeted high-value markets 
led to a doubling of the ex-vessel value 
of Hawaii fisheries from 1970 to 1990 
(Pooley, 1993a). Insular fisheries 
moved to increasingly deeper water, 
and technology allowed the expansion 
of the slope fishery in the main Hawai- 
ian islands during the middle of this 
century. As these fisheries approached 
full exploitation, the resource poten- 
tial of the NWHI was examined by the 
National Marine Fisheries Service, the 
State of Hawaii, and the U.S. Fish and 
Wildlife Service in the tripartite North- 
western Hawaiian Islands Investigation 
in the mid 1970’s to early 1980's. This 
program increased knowledge of re- 
source potential (Uchida and Uchiya- 
ma, 1986) and ultimately led to a 
geographic expansion of the lobster and 
bottomfish fisheries to the NWHI 
(Polovina, 1993; Haight et al., 1993), 
providing a marked expansion of ex- 
ploitable biomass. Within the NWHI 
lobster fishery, changing gear from 
wire to plastic traps led to significant 
catch of slipper lobster, which had been 
essentially unexploited with wire traps. 
As these resources become fully ex- 
ploited, however, the available habitat 
for further expansion of insular fisher- 
ies in Hawaii declined markedly. 

The pelagic fisheries sector has seen 
the most dramatic fluctuation in Ha- 
waii. Improvement of vessel technol- 
ogy increased the range of the local 
trolling and handline fleet while other 
factors led to the near-demise of the 
skipjack pole-and-line (“aku”) fleet; 
with the closure of the only cannery on 
Oahu, recent aku catches are nearly an 
order of magnitude below the histori- 
cal peak (Boggs and Kikkawa, 1993). 
A general trend away from “bulk fish- 
eries” for pelagics (e.g. fishcake, 
canned tuna) and development of 
“quality,” high price products (e.g. 
sashimi tuna, transshipped products) 
has enhanced the market value of 
Hawaii’s pelagic fisheries (Pooley, 


1993b). Even so, continuing improve- 
ments in technology have led to sub- 
stantial expansion of the longline 
fishery and more directed targeting for 
bigeye tuna and broadbill swordfish 
fishery during the late 1980’s (Boggs 
and Ito, 1993). 


Management Issues 


With the decline of traditional man- 
agement approaches, increasing popu- 
lation, and development of new 
fisheries, declines in nearshore stocks 
were inevitable (Shomura!; Hensley 
and Sherwood, 1993). As offshore fish- 
eries grew, allocation conflicts have 
developed (Boggs and Ito, 1993). With 
the passage of the Magnuson Fishery 
Conservation and Management Act of 
1976 (MFCMA) and establishment of 
the regional fishery management coun- 
cils, federal jurisdiction was established 
and in some cases established regula- 
tions that superseded state or territory 
regulations. As the Western Pacific 
Regional Fishery Management Coun- 
cil (WPRFMC) began to develop fish- 
ery management plans (FMP’s), the 
lack of adequate fisheries data became 
evident. Although time series of fish- 
eries catch information were available 
in the state of Hawaii, questions ex- 
isted about the quality and consistency 
of these data for rigorous analysis 
(Smith, 1993). Data for Hawaii’s rec- 
reational fisheries, which may repre- 
sent a large portion of harvest in the 
nearshore areas, are virtually unre- 
corded. In Guam, American Samoa, 
and CNMI, however, de novo devel- 
opment of the WPACFIN system be- 
gan consistent time series of fisheries 
data (Hamm, 1993). 

Management mechanisms have 
evolved in Hawaii to reduce fishing 
effort in the commercial fisheries, in- 
cluding limited entry (bottomfish, lob- 
ster), moratoria on new entrants to the 
fishery (longlining), closed seasons and 
quota (lobster), and area closures 
(longlining). Nearshore areas in Ha- 
waii have received limited protection 
through Marine Life Conservation Dis- 
tricts (MLCD’s), a progressive ap- 
proach taken by the Division of Aquatic 
Resources (Smith, 1993). Such closed 
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areas for fishery management purposes 
represent an alternative that is consis- 
tent with interest in marine refuges and 
sanctuaries, and a theoretical basis for 
such management is developing 
(DeMartini, 1993). Closed areas have 
also been used for special purposes, 
such as creating areas for noncon- 
sumptive use of marine resources (a 
function served by many Hawaii 
MLCD’s) or for protection of sensitive 
areas. An example of the latter is pro- 
tection of the Hawaiian monk seal in 
the NWHI (Nitta and Henderson, 
1993). Lobster fishing is prohibited in- 
side 10 fm in the NWHI owing to des- 
ignation of critical habitat for the monk 
seal, and longlining is prohibited within 
50 n.mi. of the NWHI owing to fishery 
interactions. 

Interactions among different scales 
of fisheries and the differing agencies 
responsible for their management 
present a challenge in many areas. In 
the nearshore, non-selective gears like 
gillnets and lack of data on their catch 
make specific management measures 
difficult and contribute to stock de- 
clines. Moving offshore, many stocks, 
such as bottomfish, fall within the ju- 
risdiction of both state (or territory) 
and federal management prerogatives; 
this problem is presently being faced 
with bottomfish management in the 
main Hawaiian Islands. For pelagics, 
even though all species are now under 
the MFCMA, fluctuations in catch rates 
of many species mimic many of the 
changes in Pacific-wide stocks, sug- 
gesting that local fluctuations are in 
concert with the wider Pacific stocks, 
and that local effects often change with 
environmental variation. Unfortu- 
nately, the wider ranging stocks lack 
the scientific basis and institutional 
structures needed for management (see 
Doulman, 1987). 


Environmental Issues 


Improved awareness of environmen- 
tal issues in the marine environment is 
evident in the general public, and Ha- 
waii and the Pacific islands are no ex- 
ception. Land-based development 
associated with increasing population 
in island ecosystems is a serious con- 
cern owing to degradation of nearshore 
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habitats (Boehlert et al.?; Baines and 
Morrison, 1990). Examples of prob- 
lems include point and nonpoint source 
pollution, coastal landfills, diversion 
of freshwater from former estuarine 
areas or fishponds, dredging and silt- 
ation impacts on corals, and algal 
blooms. While such problems may not 
be evident in all these island areas, 
their relationship to human population 
pressure is well documented. 

Fishing can itself impact the envi- 
ronment; destructive fishing practices 
(bleach, dynamite, or nonselective 
gears) have a long history in island 
areas, but public awareness has led to 
regulations banning or controlling 
them. Set gillnet fishing is increasingly 
viewed as a nonselective method with 
relatively high bycatch of unintended 
species, similar to driftnet fisheries. In 
Hawaii, however, bills to regulate set 
gillnets have routinely been killed po- 
litically, although a recent (1992) reso- 
lution calling for studies to improve 
regulations was passed. 

Impacts of fishing on protected spe- 
cies is also a point of environmental 
concern. Examples in local fisheries 
include gillnet impacts on turtle, and 
longline takes of turtles, monk seal, 
and seabirds (Nitta and Henderson, 
1993). 

Fishing may also have impacts on 
biological diversity. Fishing only se- 
lected species in the high diversity eco- 
systems characterizing these areas may 
lead to species replacement, and the 
new dominant species may be smaller 
and less useful for human consump- 
tion (Jones, 1982). While concrete 
documentation of such species replace- 
ment is not evident in Hawaii and the 
U.S. insular Pacific fisheries, experi- 
mental fishing on patch reefs at Mid- 
way did change community structure 
and the abundance of certain prey spe- 
cies (Schroeder, 1989). A more dra- 
matic example is provided by the trawl 
fishery in the Gulf of Thailand, where 


2G. W. Boehlert, P. L. Jokiel, and D. J. Mackett. 
1985. Issues in fisheries habitat conservation 
and research for the Hawaiian archipelago and 
Central Pacific. Honolulu Lab., Southwest Fish. 
Cent., Natl. Mar. Fish. Serv., NOAA, Hono- 
lulu, HI 96822-2396. Southwest Fish. Cent. 
Admin. Rep. H-85-10, 39 p. 


the dominant fish and large inverte- 
brate species decreased to less than 
one-fifth of their original abundance 
(as reflected in catch rate), and the 
squid Loligo spp. became the clear 
dominant, with perhaps a ten-fold in- 
crease in abundance (Longhurst and 
Pauly, 1987). Multispecies manage- 
ment models for tropical fisheries are 
not sufficiently well developed to pre- 
dict these kind of changes (Sainsbury, 
1982). 


Concluding Remarks 


The papers in this volume document 
the development of this region’s fish- 
eries and indicate the scope of research 
that has been conducted by many agen- 
cies; still, it is clear that much remains 
to be learned. This is also true for the 
fisheries management and environmen- 
tal protection issues as for the basic 
biological and environmental research 
required to understand the physical pro- 
cesses at work in these diverse island 
habitats. For successful fisheries man- 
agement, however, it is critical to ap- 
preciate the human diversity of these 
island areas; this fequires a deeper un- 
derstanding of the social processes 
which affect the ability of government 
to work with the community on com- 
mon solutions to fishery management 
problems. I hope that this volume con- 
tributes the basic background informa- 
tion which can place the search for 
such solutions on a firmer scientific 
footing. 
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Introduction 


Recently Hawaii’s commercial ma- 
rine fishery has experienced a period 
of rapid growth and structural change, 
and its characteristics are quite differ- 
ent from what they were a decade ago. 
Some of these changes are the result of 
governmental and private-sector deci- 
sions on fishery development in Ha- 
wali, but many have occurred because 
of increasingly competitive pressures, 
particularly as they have affected main- 
land U.S. commercial fishing fleets. 
Further changes are anticipated as di- 
verse fishing interests (including both 
large-scale and small-scale commer- 
cial, indigenous, and recreational fish- 
ing interests, as well as nonconsump- 
tive marine resource interests) are 
worked out in fishery, marine, and 


Samuel G. Pooley is with the Honolulu Labora- 
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tional Marine Fisheries Service, NOAA, 2570 
Dole Street, Honolulu, HI 96822-2396. 





ABSTRACT — This paper provides an 
overview of Hawaii’s marine fisheries from 
1948 to the present. After three decades of 
decline following a brief period of growth 
at the conclusion to World War II, Hawaii’s 
commercial fisheries began a decade of 
sustained development in the 1980's. At 
the same time, fisheries management is- 
sues became more significant as different 
segments of the fishery came into more 
direct competition. This paper provides 
new estimates of commercial landings for 
the 1977-90 period, and summarizes lim- 
ited information on recreational and sub- 
sistence fisheries in the 1980’s. It also 
provides some historical context which may 
be useful in evaluating fishery develop- 
ment and management options. 
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coastal zone management processes. 
This paper concentrates on the eco- 
nomic development of the offshore 
commercial fishery, and places some- 
what greater emphasis on the large- 
scale fisheries. Biological and manage- 
ment features of Hawaii’s marine fish- 
eries are considered in other papers in 
this number (Mar. Fish. Rev. 55(2)). 

Hawaii’s marine fisheries can be di- 
vided into three geographical areas 
(Fig. 1): 

1) The inhabited main Hawaiian Is- 
lands (MHI), with their surrounding 
reefs and offshore banks (the island of 
Hawaii to Niihau and Kauai); 

2) The Northwestern Hawaiian Is- 
lands (NWHI), a 1,200 mile string of 
basically uninhabited reefs, shoals, and 
islets ranging west northwest from the 
main Hawaiian Islands (i.e., west of 
Niihau and Kauai); 

3) The mid-North Pacific Ocean, 
ranging from lat. 40°N to the Equator, 
and from long.145°W to long. 175°E. 

Hawaii’s fishing fleets can also be 
divided into three somewhat overlap- 
ping or interconnected segments: 

1) Large-scale commercial fishing. 

Although termed “large-scale” in 
Hawaii, by mainland U.S. and foreign 
fishing fleet standards almost all the 
vessels in this segment would be con- 
sidered small. Most “large-scale” com- 
mercial fishing vessels in Hawaii are 
less than 100 feet in overall length. 
These include the older aku boats (pole- 
and-line sampans! fishing for skipjack 


'The term “sampan” in Hawaii refers primarily 
to wooden-hulled fishing craft of a design in- 
troduced by Japanese fishermen in the early 
1900’s. The vessels range from 35 to 75 feet 
with a flared bow, a low stern, and a deep profile 
to maintain seaworthiness in Hawaii’s rough 
waters. 





names of 


Table 1.—List of and scientifi 
f pecies in Hawaii. 


freq ly caught cial 








Common name Scientific name 





Bottomfish 
Snappers 
Onaga 
Opakapaka 
Ehu 


Etelis coruscans 
Pristipomoides filamentosus 
E. carbunculus 

Kalekale P. seiboldii 

Gindai P. zonatus 

Uku Aprion virescens 

Lehi Aphareus rutilans 

Yellowtail kalekale P. auricilla 

Taape Lutjanus kasmira 


Grouper 
Hapuupuu Epinephelus quernus 
Jacks 
White ulua 
Black ulua 
Butaguchi 
Kahala 


Caranx ignobilis 

C. lugubris 
Pseudocaranx dentex 
Seriola dumerili 


Other 
Lobster 
Spiny 
Slipper 


Panulirus marginatus 
Scyllarides squammosus 


Pelagic Management Unit Species 
Blue marlin Makaira mazara 
Striped marlin Tetrapturus audax 
Broadbill swordfish Xiphias gladius 
Shortbill spearfish T. angustirostris 
Black marlin M. indica 
Indo-Pacific sailfish Istiophorus platypterus 
Mahimahi Coryphaena hippurus 
Ono (wahoo) Acanthocybium solandri 


Blue shark Prionace glauca 

Mako shark (short-fin) /surus oxyrinchus 

Mako shark (long-fin) /. paucus 

Oceanic whitetip shark Carcharhinus longimanus 
Thresher shark Alopias superciliosus 
Tiger shark Galeocerdo cuvieri 


Tunas 
Bigeye Tuna 
Yellowfin tuna 
Albacore 
Skipjack tuna (Aku) 
Kawakawa 
Frigate tunas 


Thunnus obesus 

T. albacares 

T. alalunga 
Katsuwonus pelamis 
Euthynnus affinis 
Auxis spp. 





tuna’) (Table 1) and tuna longline sam- 
pans (also wooden but of a different 
design), as well as modern tuna and 
swordfish longline vessels, distant-wa- 


*Hawaii common names for commercial marine 
fish and shellfish species are used throughout this 
paper. Scientific names and corresponding Ha- 
waii, names are found in Table 1. 
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ter albacore trollers, and multipurpose 
vessels which fish for bottomfish 
(deepwater snappers, groupers, and 
jacks) and spiny and slipper lobster in 
the NWHI. These vessels can operate 
as far as 1,000 nautical miles from 
Hawaii throughout the mid-North Pa- 
cific, and some span the South Pacific. 
Most operate within 200 miles of the 
MHI or within the NWHI. 

2) Small-scale commercial fishing. 

The vessels in this segment include 
a wide variety of trailered and moored 
boats between 12 and 45 feet in length. 
These vessels primarily use trolling and 
handline techniques, although some 
traps and surrounding nets are used. 
The target species include tunas, bill- 
fish, mahimahi, ono (wahoo), bottom- 
fish for the trollers and handliners; 
bottomfish, reef fish, and crustaceans 
for the trap vessels; and small mid- 
water scads (known locally as akule 
and opelu) for the surrounding-net fish- 
ery. These vessels operate almost ex- 
clusively in the MHI. 

3) Small-scale recreational, part-time 


Figure 1.—Hawaii map, including NWHI. 


commercial, and subsistence fishing. 

This segment includes the same kind 
of vessels as found in the small-scale 
commercial fleet, as well as some very 
small boats (including surf boards and 
sail boards), charter fishing boats and 
dive fishing boats. Although charter 
fishing is a commercial operation, its 
clients are oriented toward recreational 
opportunities and thus it is distin- 
guished from commercial fishing. The 
target species for this segment of the 
fishery are more varied than those of 
the commercial segments, and include 
a variety of reef species, as well as the 
more familiar tunas, billfish, mahimahi 
and ono (wahoo), bottomfish, and crus- 
taceans. The fishing methods used are 
also considerably more varied. 

The issue of categorizing Hawaii’s 
small-boat fisheries is a difficult one, 
and is discussed later in this paper. For 
the moment we would categorize this 
segment as one where the fishery has 
limited fishing power and its fisher- 
men have mixed motivations in terms 
of fishing activity. 


Hawaii’s Traditional Commercial 
Marine Fisheries 


Shortly after Statehood, a U.S. De- 
partment of Interior, Bureau of Com- 
mercial Fisheries proposal labeled the 
Hawaii fishery as “dying” (Iversen’). 
Hawaii’s major commercial fisheries 
had been dominated by traditional prac- 
tices that reflected Hawaii’s Japanese 
immigrant heritage and its impact on 
the local fishery and seafood markets. 
The predominant commercial fishery 
was aku (skipjack tuna), which was 
caught by a live-bait, pole-and-line, 
wooden sampan fleet, known as aku 
boats (Fig. 2), and which was landed 
primarily for canning. In 1960, over 
60% of Hawaii’s total recorded com- 
mercial fishery landings (by weight) 
was aku, and the percentage remained 
over 50% until 1970. 

By the mid-1970’s the number of 
aku boats and their companion sam- 


3R. T. B. Iversen, 45-626 Halekou Place, 
Kaneohe, HI 96744. Personal commun., 1991. 
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Figure 2.—Drawing of typical Hawaii aku (skipjack tuna pole-and-line) boat. 








ah ee 











45 to 65 feet 








Figure 3.—Drawing of typical Hawaii flagline (longline sampan) boat. 


pans, the longline tuna boats (known 
locally as flagline boats, Fig. 3), had 
decreased substantially, and the condi- 
tion of many of the boats was poor. 
Fishing remained close to the main 
Hawaiian islands, although some older 
bottomfish boats fished the NWHI. 
Volume of fish in the fresh fish market 
had declined, and few improvements 
in marketing were apparent. Most fresh 
seafood appeared to be consumed in 
the home, and ethnic identification with 
particular species was very strong. 
Nearshore reef and schooling fish were 
still relatively abundant, but Hawaii’s 
commercial fishery reached its nadir 
in 1975.4 

Figures 4 and 5 provide estimates of 
Hawaii’s long-term commercial fish- 
ing landings and revenue.’ Revenues 
throughout this paper are inflation-ad- 


4In terms of inflation-adjusted revenue. The 
lowest landings were in 1969 using NMFS esti- 
mates, but 1975 was the second lowest year. 
5Estimates are required because official records 
of commercial fisheries landings were not com- 
prehensive in some years during that period. 
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justed values to a 1990 base year. Fig- 
ures on landings and revenue for the 
period 1948-76 are based entirely on 
the Hawaii Division of Aquatic Re- 
sources (HDAR) commercial fishing 
landings reports. Figures for the pe- 
riod 1986-90 are based largely on 
NMFS estimates of Hawaii’s commer- 
cial landings and on our own whole- 
sale market monitoring program. The 
period 1977-85 is a combination of 
the HDAR data with NMFS estimates 
of particular gear types (longline and 
NWHI lobster).© Table 2 provides a 
breakdown of the NMFS data for 1990 
by gear type. 

Figure 4 differentiates the aku boat 
fishery (skipjack tuna) from the rest of 
the fishery (identified as “non-aku”) 
because the aku fleet has been the 
source of most annual variation in land- 


®Appendix A, available from the author, pro- 
vides additional detail on the NMFS estimates 
for the period 1979-90, as well as time-series 
for individual gear types (aku boat, longline, 
NWHI lobster, NWHI bottomfish, main Hawai- 
ian Islands, and other gears) from 1948 to 90. 


Table 2.—Hawaii commercial fisheries, 1990. NMFS 
estimates based on logbooks and shoreside moni- 
toring. MHI = main Hawaiian Islands; NWHI = North- 
western Hawaiian Islands. 





Weight (1,000 Ib.) 
—_—__ Thousand 


Fleet Caught Sold dollars 





Longline 13,090 12,200 $28,800 


Troll and handline 
pelagics 4,460 4,050 


Aku boat 1,005 1,005 
MHI bottomfish 830 810 
NWHI bottomfish 420 400 
NWHI lobster 949 949 
Other 1,700 1,594 


6,980 
1,838 
3,300 
1,070 
4,887 
3,513 


Total 22,454 21,008 50,388 





ings. The average annual variation in 
detrended aku landings was 164% 
(compared with 27% for non-aku land- 
ings) in the period 1948-90.’ Any 
analysis of the overall Hawaii com- 
mercial fishery over time must differ- 
entiate the overall trend from these 
fluctuations in the aku fishery. 

Aku landings declined through the 
mid-1970’s to the closing of the can- 
nery in 1984, and then continued to 
fall through 1990. Aku landings fell as 
a percentage of total landings (by 
weight) from over 70% in the 1960’s 
to less than 20% in the last five years 
of the 1980’s, and to only 4.5% in 
1990. However aku revenue has not 
fallen as appreciably because of the 
higher market price of fresh aku (com- 
pared with the cannery price in the 
pre-1985 period). 


Major Developments Since 
the Mid-1970’s 


The nature and value of Hawaii’s 
present day fisheries and seafood in- 
dustry have changed dramatically since 
the 1970’s. The commercial fishery has 
more than doubled in inflation-adjusted 
ex-vessel value since 1970 to $50 mil- 
lion in 1990 and $60 million in 1991. 
The seafood market is probably worth 
over $100 million (including imported 
seafood), there is a $10-15 million char- 


7Detrending is a simple statistical procedure to 
remove the long-term change (growth or de- 
cline) in a time series. The resulting figures 
then reflect more accurately the shorter-term 
variation, in this case, the year-to-year varia- 
tion, in the 1948 to 1990 time period. 
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Figure 4.—Hawaii commercial fishery landings (pounds), 1948-90. NMFS estimates, total, 


aku (skipjack tuna), and all other species. 
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Figure 5.—Hawaii commercial fishery revenue, 1948-90. NMFS estimates, total, aku boat 
(pole-n-line skipjack tuna), and all other gears. Revenue adjusted for inflation to 1990 
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ter boat industry, probably an equiva- 
lently valued tournament fishery, and 
there is a recreational and subsistence 
marine fishery with direct expenditures 
of $24 million.* Figure 6 displays our 
estimate of the Hawaii seafood market 
supply in 1990, with 20 million pounds 
($50 million) from commercial fish- 
ing, 9 million pounds from recreational 
fishing, 15 million pounds ($30 mil- 
lion) from foreign imports, 24 million 
pounds ($45 million) from the main- 
land U.S., and 3.5 million pounds ($10 
million) exported.’ 

Perhaps the most notable long-term 
trend in Hawaii’s overall commercial 


fishery is the dramatic increase in in- 
flation-adjusted ex-vessel revenue in 
the 1980’s (Fig. 5). The increase in 
revenue (240%), which is reflected in 


8The definition and determination of “value” 
for recreational and subsistence fisheries is a 
complex methodological issue. Direct compari- 
son of the expressed dollar values of commer- 
cial vs. recreational fisheries is generally not 
appropriate; see Edwards (1990) for a primer 
on these issues. Meyer (footnote 20) estimated 
the nonmarket value of small-boat noncommer- 
cial fishing in Hawaii at $200 million, using 
hedonic valuation methods, compared to actual 
direct expenditures of $24 million. 

°Hawaii’s seafood marketing sector is described 
in: J. C. Cooper and S. G. Pooley. 1982. Total 
seafood volume in Hawaii’s wholesale fish 


the increased value of the marketing 
sector, is even greater than the increase 
in pounds landed (200%), although less 
than the increase in non-aku landings 
(300%). The increase in average ag- 
gregate price reflects a substantially 
growing demand, particularly in the 
restaurant and export (U.S. mainland 
and foreign) markets, more than match- 
ing the increased supply for most spe- 
cies during the period. 

There are many elements to these 
recent changes in Hawaii’s seafood in- 
dustry. Perhaps the first harbinger of 
change was the arrival of albacore troll- 
ers from the west coast en route to 
newly discovered fishing grounds north 
of Midway Islands late in the 1970's. 
This caused a new perspective on the 
nature of Hawaii’s role in the Pacific- 
wide fishery and led to some substan- 
tial changes on the Honolulu water- 
front. Not the least of these changes 
was the technological demonstration 
effect of the mere presence of these 
distant-water, highly mobile vessels!°. 
In 1985, there were 75 albacore troll- 
ers in the U.S. North Pacific fishery 
(Hawaii Division of Aquatic Re- 
sources, 1986). Landings peaked at 3.8 
million pounds, but because of logis- 
tics, the closure of the Honolulu can- 
nery, and the changing world tuna mar- 
ket, Hawaii did not become the tuna 
processing and transshipment center 
that was anticipated. Eventually less 
than 20 albacore vessels chose to make 
Honolulu their home port. 

Also in the 1980’s, the Northwest- 
ern Hawaiian Islands spiny lobster fish- 
ery began to bloom. The NWHI possess 
a large EEZ but have relatively limited 
fishing grounds for nonpelagic species. 
During a cooperative research effort of 
the NMFS, HDAR, University of Ha- 
waii, and U.S. Fish and Wildlife Ser- 
vice in the 1970’s (Grigg and Tanoue, 


markets. Southwest Fish. Cent. Admin. Rep.H- 
82-15, 12 p.; J. C. Cooper and S. G. Pooley. 
1983. Characteristics of Hawaii’s wholesale 
seafood market. Southwest Fish. Cent. Admin. 
Rep. H-83-22, 33 p.; W. K. Higuchi and S. G. 
Pooley. 1985. Hawaii’s retail seafood volume. 
Southwest Fish. Cent. Admin. Rep. H-85-06, 
i6 p.; and MacDonald and Deese (1988). 
'0The demonstration effect relects indirect learn- 
ing initiated by the presence of a new technol- 
ogy or methodology, usually introduced into a 
culture or a society from outside. 
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Figure 6.—Hawaii seafood market shares, 1990. NMFS estimates. 
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Figure 7—NWHI lobster landings, pounds and revenue, 1977-90. NMFS estimates and 
figures. Revenue adjusted for inflation to 1990 U.S. $ base. 


1984), scientists discovered substan- 
tial quantities of spiny lobster in the 
NWHI. By the mid-1980’s, with the 
additional discovery of slipper lobster, 
NWHI lobster was one of Hawaii’s 
largest fisheries in terms of ex-vessel 
revenue (Fig. 7). To develop the lob- 
ster fishery, new fishermen and new 
boats came to Hawaii, primarily from 
the Pacific Northwest (Fig. 8). Large 
vessels, some over 100 feet in length, 
with advanced technology freezing 
and processing equipment, entered the 
fishery. New traps were introduced 
from California which made fishing not 
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only more efficient but also allowed the 
slipper lobster to be caught commercially. 

Although the first lobsters were sold 
locally as a live product, soon alinost 
all were produced as a frozen tail prod- 
uct and sold to mainland U.S. buyers. 
This was the first premium product of 
Hawaii’s new commercial fisheries, 
with prices ranging up to $13.50 per 
pound for the tails. However, neither 
the albacore nor the lobster fishery 
changed the basic structure of the Ha- 
waii fresh fish market. 

The NWHI also proved to be a good 
location for bottom fishing (mecha- 


nized “handline” fishing for snappers, 
groupers, and jacks), which required a 
medium-scale modern fishing vessel 
(Fig. 9) similar to those used in the 
lobster and albacore fisheries. The ex- 
panding supply of pink and red snap- 
pers (opakapaka and onaga) locally 
made possible the expansion of the res- 
taurant market by allowing a regular 
and consistent supply of relatively fresh 
fish (Fig. 10). At the same time, the 
restaurant market for fresh mahimahi 
also expanded, providing a new source 
of income for local trollers (Takenaka 
et al.''). Local wholesale dealers were 
able to promote fresh local mahimahi 
as a substitute for some of the large 
imports of frozen mahimahi. Since both 
bottom fish and mahimahi were landed 
fresh and sold primarily at the Hono- 
lulu auction, this marked an important 
change in the local fishery and rein- 
vigorated the local fresh fish market. 

With a much larger restaurant mar- 
ket in Honolulu, bottomfish fishermen 
from the main Hawaiian Islands were 
able to obtain premium prices for their 
considerably fresher catch, and thus 
were motivated to increase their land- 
ings (Fig. 11). Finally, some whole- 
sale seafood dealers began sending 
opakapaka and mahimahi to the main- 
land, establishing a distinctively Ha- 
waiian seafood presence linked to 
Hawaii’s tourism market. 

In the late 1970’s and early 1980's 
the traditional Hawaiian tuna handline 
fisheries, known as ika shibi (Ikehara!*) 
and palu ahi, revived owing to fuel- 
efficient small-scale vessels (Fig. 12). 
These fisheries, which targeted yellow- 
fin and bigeye tuna (both known lo- 
cally as ahi, along with albacore), were 
centered on the Big Island (Hawaii), 
but much of the product at the time 
was shipped to Honolulu for the res- 
taurant market. This was a useful de- 


"NB. Takenaka, L. Toricer, S. G. Pooley, and J. 
C. Cooper. 1984. Recent trends in the commer- 
cial fishery and marketing of mahimahi and 
ono in Hawaii. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-84-9, 20 p. 

!2W. Ikehara. 1981. A survey of the ika-shibi 
fishery in the state of Hawaii, 1980. U.S. Dep. 
Commer., NOAA, Natl. Mar.Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin Rep. H-82-4C, 11 p. 


























Figure 8.—Drawing of typical NWHI lobster boat. 
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Figure 9.—Drawing of typical NWHI bottomfish boat. 


velopment for the neighbor islands 
whose commercial fishery appeared to 
be left behind by the growth of the 
large-scale fishing fleets based in Ho- 
nolulu. Today, there are strong local 
markets for fresh fish on the neighbor 
islands, associated with the expansion 
of the tourist trade on those islands, 
and there is considerable “export” of 
fresh fish to the U.S. mainland. How- 
ever, access by handline boats to the 
higher value-added market has been 
limited on account of a phenomenon 
known as the “burnt tuna phenom- 


12 


enon,” a condition in which the meat 
of handline and troll caught yellowfin 
tuna is metabolically degraded during 
fishing when not offset by rapid icing. 
Nonetheless, landings of tuna and other 
pelagics (primarily billfish, mahimahi, 
and ono) by troll, handline, and mis- 
cellaneous gears (i.e., excluding 
longline and aku boat) increased by 
elevenfold from 1970 to 1990 (Fig. 13). 

In 1984 the tuna cannery Hawaiian 
Tuna Packers closed, coinciding with 
a period of substantial reorganization 
in the multinational canned tuna in- 


dustry. As a result, the aku boat fleet 
declined from 12 active boats in 1979 
(Hudgins, 1980) to just 7 active boats 
in 1986, selling solely to the fresh mar- 
ket (Boggs and Pooley, 1987; Pooley 
et al.'3). Attempting to expand that 
market was a major project of State 
government in the 1980’s (MacDonald 
et al., 1991), but current conditions in 
the fishery suggest that an entirely new 
start will be required, including a solu- 
tion to the perceived bait problem and 
limitations on market penetration (pri- 
marily due to limited shelf life), if the 
potential yield of the skipjack resource 
is to be achieved in the future (Boggs 
and Pooley, 1987). Landings in the past 
five years have averaged less than 5 
million pounds, with only 4 full-time 
aku boats active in the fishery. 

By the mid-1980’s, the export mar- 
ket for Hawaii’s fresh bigeye tuna rose 
dramatically, largely as a result of mar- 
keting efforts by major wholesale deal- 
ers and the favorable exchange rate 
between the dollar and the yen. This 
marked the early resurgence of 
Hawaii’s traditional longline tuna fleet, 
which produces a superior-grade tuna 
for sashimi (raw tuna). In the late 
1980’s, both NWHI bottomfish and 
lobster boats began facing lower catch 
rates and increased regulation, so that 
a number of these vessels began to 
transfer to the longline fishery. 

In the early 1980’s, perhaps as few 
as 15 vessels were fishing with longline 
gear in Hawaii. Today, over 150 ves- 
sels are in the longline fleet. Most of 
the vessels are newer and larger. 
Whereas the older sampans are about 
45 feet, the new steel-hulled vessels 
range from 65 to 115 feet (Fig. 14). 
Many of the older vessels have new 
owners and have been refurbished. The 
longline crews have been trying a num- 
ber of different fishing strategies, from 
fishing as far as 1,200 miles from Ho- 
nolulu to fishing right off the reef,'* 


13§. G. Pooley, S. Teramoto, and A. C. Todoki. 
1988. Hawaii’s aku fishery in 1986 and 1987. 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Cent. Admin. Rep. H- 
88-16, 15 p. 

'4Fishing off the reef provides a major fisheries 
management controversy. The Western Pacific 
Fishery Management Council has closed the 
waters around the main Hawaiian Islands to 
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Figure 10.—NWHI bottomfish landings, pounds and revenue, 1970-91. NMFS estimates. 
Revenue adjusted for inflation to 1990 U.S. $ base. 
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Figure 11.—MHI bottomfish landings, pounds and revenue, 1970-91. NMFS estimates. 
Revenue adjusted for inflation to 1990 U.S. $ base. 


from fishing for the high-valued big- 
eye tuna to fishing for the lower-val- 
ued but more abundant yellowfin tuna, 
to long-distance fishing for swordfish 
destined for export to the east coast. 
The new vessels deployed a new gear 
which has now become the predomi- 
nant gear throughout the Hawaiian 


longline fishing and has imposed a moratorium 
on new entry into the Hawaii-based longline 
fishery from 1991 through 1994 (Amendments 
2, 4, and 5 to the Fishery Management Plan for 
the Pelagic Fisheries of the Western Pacific 
Region, Western Pacific Regional Fishery Man- 
agement Council, Honolulu, Hawaii 1986, as 
amended in 1991.) 


55(2), 1993 


longline fishery, the more efficient 
monofilament mainlines stored on 
reels, frequently set by powered line 
throwers (Kawamoto et al.'>). The 
growth of the longline fishery is de- 
picted in Figure 15. 

Hawaii’s market for fresh tuna (and 
other pelagics such as mahimahi) is 
now highly competitive, with compe- 
tition in supply from Florida to Aus- 
tralia. The local fish market must now 


SK. E. Kawamoto, R. Y. Ito, R. P. Clarke, and 
A. Chun. 1989. Status of the Hawaiian tuna 
longline fishery 1987-88. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 


compete with the Tskuji market in To- 
kyo for the raw product, and local con- 
sumers must compete with the local 
restaurant trade and the export market. 

If we take a brief look in retrospect, 
in 1979 the Hawaii Fisheries Develop- 
ment Plan predicted commercial fish- 
eries growth to 50 million pounds in 
1990 and 85 million pounds in the year 
2000 (Department of Land and Natu- 
ral Resources, 1979b). As one of the 
Plan’s co-authors, I would say we failed 
to anticipate the likelihood and poten- 
tial consequences of the collapse of 
U.S. production of canned tuna (the 
closure of the California and Hawaii 
canneries, and the emphasis on purse- 
seine tuna processing at the American 
Samoa and Puerto Rico canneries), and 
thus our forecasts for skipjack and al- 
bacore tuna landings were far afield. 
We also expected a rapid development 
of the oceanic shrimp fishery, but ulti- 
mately the resource did not support 
large-scale development (Tagami and 
Ralston'®). But for ahi, NWHI lobster 
and bottomfish, the projections for 
growth have been quite reasonable. The 
prospects for further development in 
pelagics remain strong, although de- 
velopment must now be tempered by 
fisheries management considerations. !” 


Fleets and Current Landings 


Hawaii's commercial fishery ex- 
ceeds $50 million in ex-vessel rev- 
enues, from 22 million pounds of 
landings in 1990. The longline tuna 


Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-89-10, 33 p. 

‘6. T. Tagami and S. Ralston. 1988. An as- 
sessment of exploitable biomass and projection 
of maximum sustainable yield for Heterocarpus 
laevigatus (shrimp) in the Hawaiian Islands. 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Cent., Honolulu Lab., 
Southwest Fish. Cent. Admin. Rep. H-88-14, 
99 

22 p. 

The relationship, or lack thereof, of fishery 
development and fishery management has been 
a difficult one. The Western Pacific Fishery 
Management Council initially tried to bridge 
the gap, but it had few resources which could 
be placed on fishery development issues. Within 
the State of Hawaii government, the two func- 
tions exist in different departments, while within 
NMFS, fishery development functions have 
been phased out since the late 1970’s except 
for awards to private sector projects (the 
Saltonstall-Kennedy grants). Most State of Ha- 
waii fishery 
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Figure 12.—Drawing of typical MHI (A) bottomfish, (B) pelagic handline, and (C) trolling boats. 


fishery is the largest commercial fish- 
ery in Hawaii, valued at $29 million. 
The smaller-scale troll and handline 
fisheries for tuna and mixed pelagics, 
such as mahimahi, are next in value, at 
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conservation activities are oriented toward 
nearshore fisheries. The State’s 1985 fishery 
development plan added an emphasis toward 
the noncommercial sectors Hawaii’s fishery and 
warned: “Fisheries development can only be 
promoted for those fishery resources that can 
withstand increased fishing pressure without 
damaging the integrity of the resource. .. .” 
(Hawaii Division of Aquatic Resources, 1986). 
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$7 million, while lobster, aku (skip- 
jack tuna), and bottomfish (snappers, 
groupers, and jacks) are the other ma- 
jor commercial fisheries (Table 2). 
While there were 15,000 boats reg- 
istered (or documented) in Hawaii in 
the 1980’s, only from 7,500 to 5,000 
were used for fishing (Skillman and 
Louie!®, Sumida, et al.'?; Meyer Re- 
sources Inc.2°). Less than 2,000 ves- 
sels are presently registered for 
commercial fishing and, while there 
are less than 3,500 people holding com- 


mercial fishing licenses (issued to in- 
dividuals), most commercial fishing li- 
cense holders make minimal record of 
landings. There are perhaps only 750- 
500 boats that could be considered full- 
time commercial and charter-boat 
fishing operations. Almost all the fish- 
ing boats in Hawaii are less than 100 
feet overall; only a portion of the 
longline fleet is longer than 75 feet. 
This mixture of small and medium- 
sized fishing vessels has been relatively 
beneficial for Hawaii’s fisheries 
(Pooley'). Large vessels can easily 
overharvest many of the nonpelagic 
resources while having a hard time 
making ends meet over the long run in 
such limited fisheries”. Many of the 
medium-sized vessels have the ad- 
vanced technology and mobility to 
make switching between fisheries a vi- 
able business strategy”*, while at the 
same time not having a strongly nega- 
tive impact on the small-scale com- 
mercial and recreational fishermen. 
Indeed, it was believed that Hawaii’s 
offshore pelagic fisheries, which are 
substantially less susceptible to over- 
fishing by small and medium-sized 


'8R. A. Skillman and D. K. H. Louie. 
Inventory of U.S. vessels in the central and 
western Pacific: Phase 2—verification and clas- 


1984. 


sification. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent., Hono- 
lulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-84-12, 21 p. 

'9R. F. Sumida, B. M. Ito, and J. P. Draper. 
1985. Inventory and uses of vessels in Hawaii, 
1984. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., nontechnical report. 

20Meyer Resources Inc. (P. A. Meyer.) 1987. A 
report on resident fishing in the Hawaiian is- 
lands. (A project to determine the economic 
value of recreational fishing in Hawaii.) U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-87-8C, 74 p. 

21§. G. Pooley. 1985. The hopelessness of the 
invisible hand: small versus large fishing ves- 
sels in Hawaii. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-85-02, 16 p. 
22For example, Clarke and Pooley (1988) found 
that mid-sized vessels (65 feet overall length) 
were the most profitable in the NWHI lobster 
fishery, while the larger vessels (greater than 
75 feet in overall length) were not profitable. 
However, the larger lobster vessels have par- 
ticipated in the NWHI lobster fishery and have 
a dramatic impact on available stocks of lobsters. 


234 strategy increasingly constrained by the 
implementation of limited entry in Hawaii’s 
major commercial fisheries. 


Marine Fisheries Review 








. ————— = SH, 
| —°- Pounds o- Inflation—adjusted Revenue 





T T T T T T 


| Ses aes ies sia T 
1980 1985 


T T T | 
1975 1990 











Figure 13.—MHI pelagic landings, pounds and revenue, 1970-91. NMFS estimates. Rev- 
enue adjusted for inflation to 1990 U.S. $ base. 








65 to 90 feet 











Figure 14.—Drawing of typical modern Hawaii longline boat. 
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Figure 15.—Hawaii longline landings and revenue, 1970-91. NMFS estimates. Revenue 
adjusted for inflation to 1990 U.S. $ base. 
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fishing vessels, would be an attractive 
avenue for future growth. Unfortu- 
nately the recent development of the 
longline fishery has been less benign, 
with substantial disputes amongst par- 
ticipants (Pooley, 1990). 

The structure of Hawaii’s seafood 
markets has encouraged value-added 
fisheries development (i.e., the produc- 
tion of a higher quality and higher- 
priced product through improved 
handling and marketing and the in- 
creased utilization of lower valued spe- 
cies), but with some definite side effects 
for Hawaii consumers (i.e., higher 
prices and lower availability). Whereas 
many mainland U.S. fisheries are “in- 
dustrial-strength” with poor reputations 
for quality, low fresh fish prices, and 
poor incomes for fishermen, in Hawaii 
the combination of auctions and direct 
purchases from outside sources has 
meant a consistently high-quality prod- 
uct. However, fresh fish prices have 
risen considerably since 1970, even 
adjusted for the general rate of con- 
sumer price inflation (Fig. 16). This 
has been prompted by the explosion of 
restaurant demand, where fresh 
mahimahi can be found on local res- 
taurant menus from Moiliili to 
Kaanapali, and on the U.S. mainland 
from Seattle to Des Moines to Boston. 
For local consumers, the loss of the 
aku (skipjack tuna) fleet has produced 
higher retail prices for fresh tuna. Our 
analysis of the price structure of Ha- 
waii fresh fish prices (Pooley, 1987; 
Pooley* >) indicates that the market 
provides strong quality premiums and 
is thus a competitive forum for most 
major fishery producers. However, as 
the export market develops from the 
sashimi “niche” to the swordfish “seg- 
ment,” transshipping operations are in- 
creasing. This reduces the “local 
content” of Hawaii’s fishery landings, 
at some detriment to Hawaii’s economy 
and to local consumers. 


45. G. Pooley. 1986. Competitive markets and 
bilateral exchange: the wholesale seafood mar- 
ket in Hawaii. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-86-08, 14 p. 

5§. G. Pooley. 1991. Revised market analysis: 
Hawaii yellowfin tuna. NMFS Southwest Fish. 
Cent., Honolulu Lab. manuscr. 003-91H-MRF. 
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Figure 16.—Hawaii commercial fishery ex-vessel prices, 1948-91. U.S. $ per pound 
(whole weight). NMFS estimates, aku (skipjack tuna) and all other species. Prices adjusted 


for inflation to 1990 U.S. $ base. 


Recreational Fisheries 


The distinction between “recre- 
ational” and “commercial” marine fish- 
ing in Hawaii’s small boat fleets is 
extremely tenuous. As opposed to most 
mainland U.S. states, there is relatively 
easy access to most fishing locations 
by most residents of Hawaii. Further- 
more, and perhaps most important, 
Hawaii’s seafood market is not as cen- 
tralized and industrialized as mainland 
fisheries, so that it has always been 
feasible for small-scale fishermen to 
sell any or all of their catch for a re- 
spectable price. Many people sell a 
portion of their catch to offset fishing 
costs, while division of the catch 
amongst family and friends is also a 
common practice and indeed in some 
circles, an important cultural and so- 
cial obligation. Many people who might 
be considered “commercial” fishermen 
in fact hold a full-time or part-time job 
which provides more income than fish- 
ing. Furthermore, charter-fishing boat 
captains generally retain their catch for 
sale in the local market, unless explicit 
arrangements are made to the con- 
trary.2° Even the catch at major sports 


6Reporting of catch by charter boats to the 
Hawaii Division of Aquatic Resources was for- 
malized in 1985. Prior to that, some charter 
boats reported their catch, and others did not. 
Charter boats are not explicitly differentiated 
in the State commercial fish catch reports, al- 
though the commercial fishing license identi- 
fies these vessels. 


fishing tournaments is frequently sold 
by the charter captains. Not only are 
there overlapping structural factors in 
commercial and recreational fishing, 
but the legalistic differentiation is not 
particularly helpful. People who catch 
and sell at least a part of their catch are 
required to have a State of Hawaii com- 
mercial fishing license. However these 
licenses cost only $25 ($50 to nonresi- 
dents), and there is no marine recre- 
ational fishing license. Furthermore, 
there is no active dealer-reporting sys- 
tem, and Federal fisheries management 
has yet to require permits for the small- 
boat bottomfish and pelagic fleets. 
Because of the lack of information 
on the small-boat fisheries, a number 
of survey approaches have been taken 
to estimate the extent of Hawaii’s “rec- 
reational” fisheries. The most compre- 
hensive was the NMFS Marine Recre- 
ational Fishing Statistical Survey 
(1979-81) which was a combined tele- 
phone and creel intercept survey.’ The 
intercept included all modes of marine 
fishing: shoreline; piers and jetties, pri- 
vate vessel; and charter boat. The tele- 
phone and intercepts were fielded by a 
local company under contract to NMFS 


27Data and methodology for the NMFS Marine 
Recreational Fishing Statistical Survey in the 
western Pacific were never published officially. 
These interpretations are based on project docu- 
ments obtained by the Honolulu Laboratory sev- 
eral years after the survey was completed. 


headquarters (with minimal actual in- 
volvement by NMFS staff in Hawaii), 
but the statistical expansions were un- 
dertaken by a firm on the mainland 
and delivered only to NMFS headquar- 
ters. For reasons not entirely under- 
stood, the expansions provided incon- 
sistent estimates of various species and 
the results were never published. How- 
ever, if we assume the major source of 
error was in individual species extrapo- 
lation, rather than in total participation 
and total or aggregate landings, then 
the following results can be derived. 

The 1980 estimates of participation 
were 2.1 million fishing trips (620,000 
by private boats and 88,000 by charter 
boats, the remainder being shoreside 
fishing) taken by 235,200 residents and 
82,200 visitors (tourists). This 
amounted to 24% of the de facto resi- 
dent population. The estimated weight 
of “recreational” fish caught was 4.4 
million pounds, of which 94% was 
from boat fishing.”® 

In 1984, the Honolulu Laboratory, 
NMFS, and the Division of Aquatic 
Resources, State of Hawaii, conducted 
a survey of vessel owners registered 
with the State of Hawaii’s Department 
of Transportation’? (Skillman and 
Louie*’; Sumida et al.*'). Of the re- 
spondents who indicated they fished 
during the year, 70% said they never 
sold any of their catch, and only 16% 
sold at least half their catch.*? 


8These estimates were based on samples taken 
from the 8,033 people who were “intercepted” 
(sampled) in Hawaii. “Recreational” was not 
well defined, but is believed to indicate the fish 
weighed at the sample location were not to be 
sold. The expansion was based on 4,593 tele- 
phone interviews to Hawaii households, of 
which 15% contained people who went fishing. 
2°Of the approximately 14,500 vessels regis- 
tered in 1984 with the State Department of 
Transportation (or documented with the Coast 
Guard in Hawaii), 12,578 were deemed to have 
fishing vessel characteristics (cruise liners were 
excluded, for example). Sixty percent of the 
questionnaires were completed, with 5,496 ves- 
sel owners reporting their vessel was used for 
fishing. No examination of the nonrespondents 
was made, so it is not known to what extent 
returns on this survey were self-selected from 
fishing vessel owners or not. Presumably 9,200 
vessels (60% of the initial population of ves- 
sels) could have been used for fishing, but we 
have tended to use the lower figure as more 
realistic on the expectation that many people 
who did not use their boat for fishing would not 
bother to answer and return a survey oriented 
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In 1987 the Hawaii Division of 
Aquatic Resources surveyed its license 
holders on a number of issues. Al- 
though the response rate was low (30% 
of the 2,529 license holders responded), 
the survey appears to confirm the im- 
pression that most “commercial” fish- 
ing license holders in Hawaii do not 
make their livelihood from fishing: 
80% or more of the respondents on 
each island indicated they earned less 
than 51% of their gross income from 
fishing. 

Karl Samples, University of Hawaii, 
prepared a series of studies on charter 
boat fishing during the early 1980’s 
for NMFS. Samples found that the 
charter boat fleet consisted of 119 boats 
in 1982 (Samples et al.**). These ves- 
sels are almost entirely 2—6 passenger 
vessels where half-day and whole-day 
charters are sold to the group, rather 
than to individuals (as in U.S. main- 
land “head” and “party” boats). This 
fleet generated 73,780 passenger trips 
with a direct income of $8.1 million*. 
Total fish catch by the charter boat 
fleet was 2.2 million pounds. It was 
also estimated that charter boat patrons 
spent $39 million directly related to 
charter fishing as a vacation or leisure 
activity (Samples and Schug*>). 


2° Continued 

towards fishing. We also noted through inspec- 
tion of the respondents that most of the full- 
time commercial fishing boats also did not 
respond. 

30R. A. Skillman and D. K. H. Louie. 1984. 
Inventory of U.S. vessels in the central and 
western Pacific: Phase 2—-verification and clas- 
sification. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent. Admin. 
Rep. H-84-12, 21 p. 

31R, F. Sumida, B. M. Ito, and J. D Draper. 
1985. Inventory and uses of vessels in Hawaii, 
1984. NMFS Southwest Fish. Cent., Honolulu 
Lab., nontechnical rep. 

32Only 3% of the respondents said they made 
half their income from fishing, suggesting that 
the survey returns were biased toward small- 
scale recreational fishermen. 

33K. C. Samples, J. N. Kusakabe, and J. T. 
Sproul. 1984. A description and economic ap- 
praisal of charter boat fishing in Hawaii. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-84-6C, 130 p. 
34Income from charter fees was approximately 
$5.8 million while income from selling fish 
was $2.3 million. 

35K. C. Samples and D. M. Schug. 1985. Char- 
ter fishing patrons in Hawaii: a study of their 
demographics, motivations, expenditures and 
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The only major study of the eco- 
nomics of recreational fishing in Ha- 
waii was undertaken by Meyer 
Resources Inc.”° for NMFS. This study 
used a variation of the contingent (non- 
market) valuation technique on focus 
groups composed of recreational fish- 
ing clubs in Hawaii. Meyer estimated 
that there were 6,684 small boats used 
for “resident” fishing (defined as: “per- 
sons who are not making their primary 
living from commercial fishing,” 
Meyer”®, p. 1) in Hawaii, with direct 
expenditures of $24 million. Total catch 
by these vessels was 21 million pounds, 
of which 47% was sold. The remain- 
der was used for home consumption 
(23%), given away to friends and fam- 
ily (21%), or otherwise used. Using 
contingent valuation techniques, Meyer 
estimated that the nonmarket value of 
these fishing trips to Hawaii resident 
fishermen was $239 million.*© 

Finally, in 1990 and early 1991 the 
State of Hawaii, with the assistance of 
NMES, conducted a survey of small 
boat launch sites and harbors on Oahu 
(the island on which Honolulu and 80% 
of the population is situated) to under- 
stand better offshore fishing by recre- 
ational and subsistence fishermen. The 
results from this survey may provide a 
stronger basis for estimating current 
recreational and part-time commercial 
fishing activity (Hamm and Lum?’). 


Recent Issues 


Naturally, the transition from the old 
style to the new in Hawaii’s offshore 
fisheries has not occurred without bio- 
logical, economic, and social impacts. 
Hawaii’s commercial and recreational 


35 Continued 

fishing values. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-85-8C, 95 p. 

36Nonmarket value means in this case what the 
participants thought their fishing “experience” 
was worth in market terms. Frequently this is 
termed “willingness to pay,” as in “How much 
would you be willing to pay to continue fishing 
....2” although that is not the precise approach 
used by Meyer. 

37D. C. Hamm and H. K. Lum. 1992. Prelimi- 
nary results of the Hawaii small-boat fisheries 
survey. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. H- 
92-08, 35 p. 


fisheries are no longer what they were, 
and the relationship between Hawaii’s 
people and the sea has changed. We 
have already mentioned the change in 
availability and price of locally caught 
fish for Hawaii’s resident consumers, 
but there have been changes in the wa- 
ter and on the docks too. 

Recognition that nearshore fish re- 
sources have diminished (as well as 
consumer fears concerning ciguatera 
toxins), combined with the rise in tour- 
ism-related ocean recreation, means 
that there will be more pressure for 
nearshore marine environment manage- 
ment, with a premium on noncon- 
sumptive uses of marine resources. A 
number of State of Hawaii initiatives 
have focused on this recognition, in- 
cluding the Main Hawaiian Islands - 
Marine Resources Investigation 
(Pooley*® and Hawaii Division of 
Aquatic Resources, 1988), and there 
has been a broad strategic planning 
approach to coastal zone management 
and development (Hawaii Ocean and 
Marine Resources Council, 1991). Fur- 
thermore, rights of native Hawaiians 
to fishery resources are being explored, 
primarily through the offices of the 
Western Pacific Fishery Management 
Council (Iversen et al., 1989), and these 
will undoubtedly affect the ultimate 
resolution to fishery management is- 
sues. How Hawaii balances all of these 
interests may be a major political issue 
for the 1990's. 

There are also some direct competi- 
tive pressures accompanying the rapid 
growth of the longline fishery. The 
Western Pacific Regional Fishery Man- 
agement Council (Council) is the cen- 
ter of commercial fisheries manage- 
ment in Hawaii, whereas the state 
government is concentrating on near- 
shore fishing issues. The early years of 
the Council involved laying out a fish- 
ery management structure with rela- 
tively little emphasis on the distribu- 
tive issues which were central on the 


38§. G. Pooley (Editor). 1988. Recommenda- 
tions for a five-year scientific investigation on 
the marine resources and environment of the 
main Hawaiian islands. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-88-2, 22 p. 





U.S. mainland. The NWHI lobster and 
bottomfish fishery management plans 
(FMP’s) addressed limited fisheries 
with limited interaction with other fish- 
eries. The pelagic species FMP’s orien- 
tation was simply toward displacing for- 
eign longline fishing in the Council areas. 
However, with the growth of the domes- 
tic longline fishery in the late 1980’s, the 
Council was suddenly faced with com- 
peting domestic issues. 

Resolving these pressures has in- 
volved a real trade-off between the cost 
of regulation, in terms of the cost of 
biological and economic research and 
in terms of changes in life-styles, and 
the potential benefits of well-managed 
natural resources. People who go fish- 
ing are frequently very independent, 
more so than most. All one needs to do 
is examine the vastness and isolation 
of their working environment. They 
are also our most accessible observers 
of oceanographic conditions and ma- 
rine biology. It seems that more needs 
to be done to encourage their commu- 
nity of interests with the rest of 
Hawaii’s ocean and coastal users. 

Foreign and U.S. mainland fisheries 
and markets are also influencing 
Hawaii’s marine fisheries either 
through biological resource pressure 
and environmental effects which have 
led to displaced fleets or changes in 
market conditions, or through more di- 
rect changes in seafood markets. For- 
eign longline and baitboat fisheries for 
tuna have fished the central Pacific for 
decades. Although foreign longline 
vessels are effectively precluded from 
fishing within 200 miles of Hawaii (in- 
cluding the NWH1I), the tuna and bill- 
fish stocks they seek probably are 
sufficiently migratory to hypothesize 
an interaction between their distant- 
water capture and fishing conditions 
in Hawaii. Furthermore, a number of 
local entrepreneurs have been explor- 
ing the importation of fresh fish di- 
rectly into Honolulu from foreign 
longline vessels fishing just outside the 
U.S. Exclusive Economic Zone. The 
U.S. purse seine tuna fleet has ex- 
panded dramatically into the South Pa- 
cific, and the U.S. albacore trollers are 
now fishing the South Pacific, both 
using American Samoa as a base. Guam 


18 


and the Northern Mariana Islands are 
also used as transshipment centers for 
purse seine and longline fisheries. The 
apparent closing down of the Japanese, 
South Korean, and Taiwanese drift 
gillnet fleets fishing for squid and al- 
bacore tuna, due to their impact on sea 
birds and marine mammals, may af- 
fect both the commercial fisheries of 
the central Pacific and seafood mar- 
kets. In addition, there are the poten- 
tial impacts of ocean mining and other 
nonfishery related marine developments. 

Ironically, perhaps one of the most 
important economic components of 
Hawaii’s commercial fishing industry 
is not fishing at all; it is the resupply 
operations for the hundreds of foreign 
fishing boats and refrigerated transports 
which stop in Honolulu harbor for sup- 
plies. The direct economic impact of 
these vessels is $46 million annually 
(Hudgins and Iversen, 1990). The 
whole question of harbor infrastruc- 
ture has been a thorny one even before 
the original fisheries development plan 
(Department of Land and Natural Re- 
sources, 1979b). Similarly, the rela- 
tionship between fisheries development 
and fisheries management and between 
fisheries and other coastal zone activi- 
ties (cf. Department of Land and Natu- 
ral Resources, 1979a) are central to 
Hawaii’s political agenda in the 1990’s. 

Commercial fishing and the expen- 
ditures of the recreational and subsis- 
tence fisheries do not comprise a large 
industry in Hawaii, not even as a per- 
centage of the overall ocean sector, 
although they are larger than many sec- 
tors of diversified agriculture and 
manufacturing. But fishing has a num- 
ber of important linkages to Hawaii’s 
current industrial and commercial 
structure and to Hawaii’s cultural heri- 
tage. The commercial, recreational, and 
subsistence fisheries of Hawaii are im- 
portant barometers of conditions in the 
ocean environment. Those of us whose 
job it is to monitor the marine fisheries 
and to conduct applied research on 
those fisheries are constantly fascinated 
by the variation which is displayed. 
The purpose of this paper has been to 
provide a better historical framework 
with which policymakers and the pub- 
lic can assess Hawaii’s marine fisheries. 
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Biology and Management of Deepwater Snappers 
of the Hawaiian Archipelago 


WAYNE R. HAIGHT, DONALD R. KOBAYASHI, and KURT E. KAWAMOTO 


Introduction 


Commercial exploitation of deep- 
water snappers in Hawaii began before 
the turn of the century (Cobb, 1903), 
and except for a hiatus during World 
War II, has continued to the present. 
The fishery operates throughout the 
Hawaiian archipelago, but the inhab- 
ited Main Hawaiian Islands (MHI) ex- 
perience the highest exploitation by 
both commercial and recreational fish- 
ermen. The uninhabited islands and 
atolls northwest of Niihau, called the 
Northwestern Hawaiian Islands 
(NWHI) (Fig. 1), are fished mainly by 
commercial fishermen. 

The deepwater handline fishery tar- 
gets a multispecies group of fishes con- 
sisting of snappers (Lutjanidae), 
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ABSTRACT — Commercial and recre- 
ational deepwater (100-400 m) bottom- 
fishing in Hawaii targets a multispecies 
group of lutjanid snappers. Relatively little 
is known about the life history of these 
species. Research in Hawaii and elsewhere 
in the tropical Pacific suggests that most 
of the species are slow growing, long lived, 
and have a relatively high age at sexual 
maturity. Stock assessment is difficult be- 
cause of the multispecies nature of the 
fishery. However, recent analysis of com- 
mercial fishery data indicates that some of 
the species may currently be overexploited. 
Research is underway to determine the effi- 
cacy of management measures such as mini- 
mum-size limit changes or seasonal and 
spatial fishery closures to maintain optimal 
spawning biomass. 
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groupers (Serranidae), and jacks 
(Carangidae). However, snappers are 
the most important group in the fish- 
ery, both by numbers and revenue.! 
Most of the commercially important 
species have a relatively high age at 
maturity, long life span, and slow 
growth rate. These factors, combined 
with considerable variation in larval 
recruitment, make these fishes highly 
susceptible to overfishing. Recent evi- 
dence suggests that some of the spe- 
cies may be overfished, and several 
others are approaching a level of con- 
cern! ? (Ralston and Polovina, 1982; 
Ralston, 1984). 

Historically, minimum size limits 
have been the only measure used to 
manage both the MHI and NWHI 
stocks. Since 1989, the NWHI have 
been managed on a limited entry sys- 
tem. Minimum size limits remain the 
only management tool currently in ef- 
fect in the MHI. Several management 
measures are being evaluated to main- 
tain adequate spawning stock biomass 
in the future. These include changing 
minimum size limits, creating closed 
refuge areas, and imposing bag limits 
and closed fishing seasons. 

This report presents a summary of 
available information regarding the bi- 
ology, fishery, and management of 
these valuable species. 


'(WPRFMC) Western Pacific Regional Fishery 
Management Council. 1991. Annual bottomfish 
and seamount groundfish report, 85 p. 

°§. Ralston and K. E. Kawamoto. 1985. A pre- 
liminary analysis of the 1984 size structure of 
Hawaii’s commercial opakapaka landings and 
a consideration of age at entry and yield per 
recruit. U. S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Admin. Rep. 
H-85-1, 9 p. 


Species and Distribution 


The commercially important deep- 
water snapper complex in Hawaii is 
composed of seven species of the 
lutjanid subfamily Etelinae: Pristipo- 
moides filamentosus (opakapaka), P. 
seiboldii (kalekale), P. zonatus 
(gindai), Etelis carbunculus (ehu), E. 
coruscans (onaga), Aprion virescens 
(uku), and Aphareus rutilans (lehi). 
Some commercial landings of an in- 
troduced snapper, Lutjanus kasmira 
(taape), are also made, but this species 
usually occurs in shallower water than 
the other species. The commercially 
important deepwater lutjanids inhabit 
the deep slopes of island coasts and 
banks at depths of 100 to 400 m. These 
banks and deep slopes comprise an area 
over 6 times that of shallow water reefs 
in the state. Biological production in 
these deepwater areas is thought to be 
quite different from shallow-water 
coral reef areas (Agegian et al., 1988). 

Throughout their spatial and depth 
range, deepwater snappers in Hawaii 
are typically distributed in a clumped 
pattern, and are often associated with 
underwater headlands and areas of high 
relief. Four of the deepwater snapper 
species found in Hawaii were observed 
in situ from manned submersibles and 
an unmanned remotely operated ve- 
hicle (ROV) and were found to form 
large aggregations of up to 100 indi- 
viduals near submerged promontories 
and areas of high relief (Brock and 
Chamberlain, 1968; Ralston et al., 
1986; Haight, 1989). This clumped dis- 
tribution pattern is also apparent when 
fishing from the surface. 

A contributing factor in the distribu- 
tion pattern of these fish may be that 
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currents striking deepwater areas of 
high relief form localized zones of tur- 
bulent vertical water movement, in- 
creasing the availability of planktonic 
prey items (e.g. Brock and Chamber- 
lain, 1968). In an ecological study of 
the bottomfish resources of Johnston 
Atoll, Ralston et al. (1986) found P. 
filamentosus in much higher densities 
on the upcurrent versus the down- 
current side of the atoll, and postulated 
that this was related to increased avail- 
ability of allochthonous planktonic prey 
in the neritic upcurrent areas due to 
oceanic currents impacting the atoll. 
Although snappers throughout the 
world are generally thought of as top 
level carnivores, several snapper spe- 
cies in the Pacific are known to incor- 
porate significant amounts of zooplank- 
ton, often gelatinous urochordates, in 
their diets (Parrish, 1987). Haight et 
al. (1993) found zooplankton to be an 
important prey item in four of the com- 
mercially important snappers in Ha- 
waii. The same study found that the 
six snapper species studied were either 
primarily zooplanktivorous or prima- 
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Figure 1. — The Hawaiian Archipelago 


rily piscivorous and showed little over- 
lap in diet composition between trophic 
guilds. 


Reproduction 


Relatively little is known about the 
reproduction and early life history of 
deepwater snappers in Hawaii. Size at 
maturity has been estimated for only 
two species in the MHI and two spe- 
cies in the NWHI. In the MHI, uku 
reaches sexual maturity at 47 cm fork 
length (FL), which is 46% of maxi- 
mum size (Lee). Onaga reaches sexual 
maturity at 61 cm FL (62% Le) 
(Everson et al., 1989). In the NWHI, 
ehu reaches maturity at about 30 cm 
FL (46% Leo) and opakapaka reaches 
maturity at around 43 cm FL (48% 
Leo) (Everson, 1984; Kikkawa, 1984; 
Grimes, 1987). 

There is a record of one anecdotal 
observation on the spawning behavior 
of opakapaka in Hawaii. A NWHI com- 
mercial fisherman using a chromoscope 
depth sounder observed an opakapaka 
aggregation at about 150 m become 
very dense during the mid-morning 


hours. Catch rates decreased at this 
time, and egg masses were observed 
adhering to the fishing gear. By mid- 
afternoon the school became less com- 
pacted and catch rates increased. 
Opakapaka caught during this time 
were in spawning condition, some fe- 
males released eggs and males released 
milt. Free-floating eggs were noted 
covering a large surface area around 
the vessel. The observations were made 
in mid-April. 

Gonadal studies on four of the spe- 
cies in Hawaii indicate that spawning 
may occur serially over a protracted 
period but is at a maximum during the 
summer months, and peaks from July 
to September (Everson et al., 1989; 
Uchida and Uchiyama, 1986). Esti- 
mated annual fecundity is 0.5 to 1.5 
million eggs. The eggs are relatively 
small (0.7 to 0.8 mm) and are released 
into the water column. 


3(WPRFMC) Western Pacific Regional Fishery 
Management Council. 1988. 1986 annual re- 
port of the fishery management plan for the 
bottomfish and seamount groundfish fisheries 
of the western Pacific region, 150 p. 





Larval and Juvenile Stages 


Newly hatched larvae of lutjanids in 
general are typical of those from fish 
with small pelagic eggs; the larvae have 
a large yolk sac, unpigmented eyes, 
and no mouth. The yolk sac typically 
lasts 3-4 days, after which the mouth 
is fully formed and the eyes become 
pigmented (Leis, 1987). The larval 
stages of snappers in Hawaii are poorly 
studied, perhaps because of their rarity 
in plankton samples. In a 16—month 
survey of the larval fishes near Oahu, 
snappers of the subfamily Etelinae were 
taken exclusively in the late summer 
and fall, and occurred in very low num- 
bers, making up less than 0.5% of the 
5,200 fish larvae identified (Clarke, 
1991). Snapper larvae are thought to 
be planktonic and subject to advection 
by ocean current systems until benthic 
habitat suitable for metamorphosis is 
encountered (Munro, 1987). The dura- 
tion of the pelagic phase is thought to 
be at least 25 days (Leis, 1987). 

Little information currently exists on 
larval development, settlement, or early 
juvenile life history of deepwater snap- 
pers in Hawaii. Despite considerable 
research effort directed toward snap- 
per productive processes in Hawaii, 
little is known about the ecology of 
juveniles from time of settlement to 
their appearance in the adult fishery. 
Age at entry to the fishery for the prin- 
cipal species is thought to be 2 to 3 
years after settlement.‘ In a three-year 
study of fish settlement on artificial 
reefs adjacent to adult snapper habitat 
in Hawaii, no recruitment of juvenile 
snappers to the reefs was observed, 
although adults aggregated at times 
around the reef structures (Moffitt et 
al., 1989). 

Occasional reports of recreational 
fishermen taking juvenile opakapaka 
while fishing in depths less than 100 m 
prompted exploratory research fishing 
to be conducted in these nearshore ar- 
eas. Results from a 13—month inten- 
sive fishing program off Kaneohe Bay, 
Oahu, Hawaii indicated juvenile 


4§. Ralston and K. E. Kawamoto. 1987. An 
assessment and description of the status of bot- 
tom fish stocks in Hawaii. U. S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent. Admin. Rep. H-87-7, 55 p. 
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opakapaka first appear in the relatively 
shallow (60—100 m) nearshore areas at 
about 10 months of age (7-10 cm FL) 
during the fall and early winter months. 
The young opakapaka remain in this 
habitat for the next 7 months until they 
reach 18-24 cm EL. In situ scuba ob- 
servations of the juvenile habitat found 
it to be a relatively flat, soft sediment 
substrate devoid of relief (Parrish, 
1989). Recent trawl surveys suggest 
juvenile opakapaka are fairly wide- 
spread throughout the MHI in similar 
habitat and depths.® 


Age, Growth, and Mortality 


Tropical snappers in general are slow 
growing, long lived, and have low rates 
of natural mortality. Maximum ages 
exceed 10 years, and von Bertalanffy 
growth coefficients (K) are usually in 
the range of 0.10 to 0.25 per year 
(Manooch, 1987). Most aging studies 
of tropical snappers have depended on 
the enumeration of regularly formed 
marks on calcareous structures. The 
extended reproductive cycles and 
weakly expressed seasonality of growth 
in these fishes, however, confounds the 
accuracy of such studies. In Hawaii, 
Ralston and Miyamoto (1983) used 
daily growth increments deposited on 
the otoliths of immature P. filamentosus 
to determine its growth rate. Using in 
vivo tetracycline injection as a valida- 
tion technique, they concluded that 
daily otolith increments were depos- 
ited in fish up to 3 years old (sexually 
mature), however, aging of fish greater 
than age 3 was difficult owing to epi- 
sodic otolith deposition in sexually 
mature fish. Based on the growth of 
immature fish, the estimated growth 
coefficient of opakapaka was 0.145 per 
year, and asymptotic upper boundary 
on growth (Lee) was 78 cm FL, which 
occurred at over 18 years of age. 


5R. B. Moffit and F. A. Parrish. In review. 
Temporal and spatial utilization of habitat by 
juvenile Hawaiian pink snapper, Pristipomoides 
filamentosus. 

®D. A. Ellis, E. E. Demartini, and R. B. Moffitt. 
1992. Bottom trawl catches of juvenile 
opakapaka, Pristipomoides filamentosus (F. 
Lutjanidae), and associated fishes, Townsend 
Cromwell cruise TC-90-10, 1990. U. S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Sci. Cent. Admin. Rep. H-92-03, 33 p. 


Ralston (1987), in a comprehensive 
review of published reports on snapper 
growth and natural mortality, deter- 
mined that for the 10 species studied, 
mortality and growth rates were highly 
correlated, with a mean M/K ratio of 
2.0. Thus, if a value of K is available 
for a given species, its natural mortal- 
ity rate can be estimated. Using an 
age-length probability matrix for 
opakapaka applied to length frequency 
samples, Ralston (1981) estimated the 
natural mortality rate for opakapaka in 
Hawaii to be 0.25, which when com- 
pared to the estimated K value for this 
species (0.145) is close to the value 
predicted by the M/K relationship de- 
rived for snappers in general. 


Fishery Synopsis 


Deepwater snapper in Hawaii have 
been commercially exploited since the 
early part of the century. In 1925, the 
Territorial Legislature, concerned with 
an increasing level of fishing pressure, 
imposed a one-pound minimum size 
limit for most of the deepwater snap- 
pers. By the 1930’s, a fleet of vessels 
fished for bottomfish throughout the 
archipelago, with as many as five large 
(20 m) vessels venturing into the 
NWHI. After the hiatus imposed on 
the fishery by WWII, as many as nine 
vessels fished the NWHI. Landings 
peaked in the early 1950’s at about 
500 t, and declined steadily through 
the mid-1970’s (Fig. 2). In the mid- 
1950’s, poor fish prices and vessel 
losses reduced the number of fisher- 
men in the NWHI; by the 1960’s only 
one vessel remained in operation in 
the NWHI (Hau, 1984). There was re- 
newed interest in the resources of the 
NWHI in the mid-1970’s when state 
and federal agencies collaborated in a 
study focusing on the resources of this 
region. Bottomfish resources within 
this area were investigated during con- 
ducting an economic study of the fish- 
ery. The potential of the NWHI 
bottomfish resource prompted many 
new fishers to enter the fishery. 

During the late 1970’s, the fleet ex- 
ploited banks closest to the MHI ports. 
As yields decreased, the fleet moved 
farther into the NWHI. A few vessels 
with extended fuel and hold capacity 
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Figure 2. — Annual commercial bottomfish landings for the 
entire Hawaiian Archipelago, 1948-1990. (State of Hawaii, 
Division of Aquatic Resources data) 


were fishing around Midway and Kure 
by 1988. The fishery expanded rapidly 
in the 1980’s and landings peaked in 
1987 (Fig. 2). Increased fishing pres- 
sure and fluctuating exploitation rates 
in the NWHI prompted the Western 
Pacific Regional Fishery Management 
Council (WPRFMC) to impose a lim- 


ited access system for a large part of 
this area in 1989. Currently, effort in 
the portion of the NWHI west of 
Necker Island (Fig. | ) is limited to 6 
vessels. 


Fishing Gear 


The Hawaiian snapper fishery uti- 
lizes various modifications of tradi- 
tional Hawaiian handline gear. The gear 
consists of a main line with a 2-4 kg 
weight attached at the terminus. Sev- 
eral 40-60 cm sidelines with circle hooks 
are attached above the weight at 1 m 
intervals. The basic design of the handline 
gear used in the fishery has remained 
essentially unchanged from gear used by 
early, indigenous Hawaiians. 

Commercial snapper fishermen in 
Hawaii mainly utilize vessels 10-20 m 
in length. The vessels are usually 
equipped with color video depth and 
fish echo sounders, satellite naviga- 
tion receivers, Single Side Band (SSB) 
and VHF radios, EPIRB’s, and hydrau- 
lic line-pulling equipment. 

Vessels venturing into the NWHI 
tend to be in the upper end of the size 
range, as distance from ports and lack 
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of rough-weather shelter keep many of 
the smaller vessels closer to their home 
ports. The MHI vessels, although 
smaller than those used in the NWHI, 
are similarly equipped. 

There are also many part-time rec- 
reational/commercial fishermen in the 
MHI. The boats involved in this fish- 
ery are smaller than the full-time com- 
mercial vessels and usually range from 
5 to 15 m in length. Most of the part- 
time fishermen have color video depth/ 
fish sounders, CB radios, and electric 
line-pulling equipment. Many also 
have satellite navigation equipment. 

Since the late 1960’s, the availabil- 
ity of improved navigational and fish- 
ing gear has greatly increased the 
fishing power of both commercial and 
recreational fishermen in Hawaii. It is 
now possible to return to a particular 
fishing spot with great accuracy in vari- 
ous weather conditions using electronic 
navigation equipment and to target 
single species using color video sound- 
ing equipment. In the past, triangula- 
tion from visible onshore landmarks 
was the most common method of relo- 
cating productive fishing grounds. This 
method can be very accurate, but de- 
pends on weather and other conditions 
beyond the control of the fisherman. 

Until recently, many fishermen tar- 
geted individual species of snappers, 
but this strategy is not commonly prac- 
ticed today. Most fishermen now di- 
versify fishing effort because of de- 


creased catch rates for some of the 
species. Targeting different species of 
snapper seasonally, or fishing for pe- 
lagic species when bottomfish are 
scarce, is now commonly practiced. 


Seasons and Markets 


The various snapper species are 
mainly caught during the months of 
November-—February, with peak 
catches in December. Uku is an excep- 
tion in that it is heavily exploited dur- 
ing the summer months when it 
aggregates in shallow water to spawn. 
Some uku are landed incidentally in 
December owing to increased fishing 
pressure on opakapaka which occurs 
at the same depths as uku. 

A large portion of the MHI snapper 
landings is taken by recreational fish- 
ermen; therefore, the NWHI commer- 
cial fishery plays an important role in 
providing a consistent supply of fresh 
bottomfish to local markets. Generally 
the demand for fresh fish outstrips the 
supply. Snapper from various Pacific 
island nations are imported at times to 
supplement the supply of local fish. In 
the past these imports generally were 
of lower relative quality; however, in 
recent years the quality of these im- 
ports has improved dramatically. The 
price of these imported fish has also 
increased but is still lower than that of 
comparable local fish. The seasonal 
abundance of these imports can affect 
the price of the local bottomfish. How- 
ever, most imports occur during the 
local low season for bottomfishing, 
which contributes to a year-round con- 
sistent supply of fish. 

Most commercial fish in Hawaii are 
sold at wholesale fish auction houses. 
The demand for freshness and quality 
is high. Ex-vessel price can vary con- 
siderably depending on the quality of 
individual lots of fish. Snappers are 
generally separated into two catego- 
ries at the auction: 1) large fish for the 
restaurant fillet market and 2) smaller 
whole fish for local consumers. De- 
mand from local tourist-oriented res- 
taurants is the major factor in bottom- 
fish market economics. The local con- 
sumer market for smaller fish fluctuates 
to some extent, with peak demand occur- 
ring during traditional winter holidays. 
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Fishery Data Collection 


In Hawaii, fishermen who sell all or 
part of their catch must be commer- 
cially licensed and submit a monthly 
catch report. These data have been 
available from the State of Hawaii Di- 
vision of Aquatic resources (HDAR) 
since 1948. In the MHI, incomplete 
reporting, and the “under-the-table” 
selling of fish by recreational fisher- 
men confound the accuracy of the catch 
reporting system. In 1984 the 
WPRFMC initiated a monitoring pro- 
gram at the Honolulu fish auction to 
provide additional information on 
bottomfish landings in Hawaii. In 1986 
the NMFS assumed responsibility for 
the program. In 1990, the HDAR be- 
gan to share monitoring duties with 
the NMFS on a half-time basis. During 
the years 1984 through 1987, monitor- 
ing was conducted six days per week. 
This was reduced to five days per week 
in 1988, and three days per week in 
1992. Information collected includes 
name of vessel or fisherman, date of 
sale, general area fished, species of 
fish, number of fish and corresponding 
weight, price per pound, and buyer. 
Information is recorded on a data sheet, 
coded and keypunched for analysis. 
Until recently, the majority of snapper 
sold in Hawaii passed through the 
monitored site. However, beginning in 
1991, the majority of NWHI landings 
were not sold at the monitored site, 
which increased the difficulty in moni- 
toring total archipelago landings. 

An additional problem in obtaining 
total archipelago catch information is 
the large number of fish landed by rec- 
reational fishermen and not reported. 
The MHI recreational catch of snapper 
is impossible to accurately estimate. 
The large number of small trailerable 
boats currently registered in Hawaii 
gives an indication of the magnitude 
of the problem. Many of these “recre- 
ational” fishermen often sell their catch 
disregarding commercial fishing li- 
cense requirements. The ease of sell- 
ing privately to wholesalers, retail 
fishmarkets, restaurants, supermarkets, 
peddling, etc., without the proper li- 
censes or reporting, leads to serious 
underestimation of total state catches. 
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Stock Status and 
Population Dynamics 


Several different stock assessment 
approaches have been applied to the 
Hawaiian deepwater snapper fishery. 
These will be reviewed in approximate 
order of methodological complexity, 
which is similar to their chronological 
order in time because of developments 
in stock assessment methods and/or 
availability of additional data. 

Simple catch per unit of fishing ef- 
fort (CPUE) of commercial fishermen 
or research vessel surveys is commonly 
used as an index of stock abundance. 
CPUE alone can only provide estimates 
of relative changes in abundance; but, 
when coupled with certain assumptions 
and cast in the proper mathematical 
framework, it is possible to obtain mea- 
sures of absolute abundance by estimat- 
ing acatchability parameter. Catchability 
can be estimated in several different 
ways, and one of the more common 
approaches is to use the catch data in a 
surplus production model which will 
also estimate other fishery statistics 
such as maximum sustainable yield. 
Ralston and Polovina (1982) used a 
Schaefer surplus production model in 
one of the earliest attempts to assess 
MHI deepwater snapper stocks. The 
parameters for this model were esti- 
mated from a linear regression of yearly 
CPUE on yearly effort over the time 
period 1959-1978 (HDAR data). 
Rather than fit individual models to 
each species, Ralston and Polovina 
found that an intermediate level of spe- 
cies aggregation (from the species pool 
of 8 deepwater snappers) resulted in 
significantly improved fits to the 
model. This was apparently due to both 
depth segregation by species and the 
multispecies nature of the fishery 
where, since fishing effort (in fisher- 
man-days) is not necessarily directed 
at a single species, single species 
CPUE, calculated by using the aggre- 
gate fishing effort, does not reflect that 
species abundance. Ralston and Polo- 
vina sought to aggregate species in the 
analysis to essentially mimic the ag- 
gregate nature of the fishing effort. This 
optimal level of species aggregation 
was objectively determined through 


cluster analysis of species weight com- 
position in HDAR daily commercial 
catch reports. The potentially complex 
effects of interaggregation interaction 
(i.e. predation, competition, and mutu- 
alism) were statistically examined and 
dismissed. Of the four MHI regions 
examined, statistically significant mod- 
els were consistently achieved only for 
the Maui-Lanai-Kahoolawe-Molokai 
(MLKM) region (Fig. 1), an area which 
accounts for over 50% of the statewide 
bottomfish landings. This provided an 
estimate of MSY per habitat area which 
was then used in conjunction with other 
habitat area estimates to extrapolate 
other regional and total MSY’s in the 
MHI and NWHI. Ralston and Polovina 
concluded that the MHI aggregate 
bottomfishery was operating at or near 
MSY in 1978, and in more recent years 
both MHI and NWHI landings have 
consistently exceeded estimates of 
MSY*” (Polovina, 1987), a situation 
difficult to interpret for purposes of 
stock assessment. The next level of 
stock assessment approaches for Ha- 
waiian deepwater snappers attempted 
to utilize information on age and growth 
and patterns of size/age at entry to the 
fishery on a species-specific level. 
Assessment of Hawaiian deepwater 
snappers in the 1980’s relied heavily 
on the Beverton and Holt (1957) ap- 
proach, also referred to as dynamic 
pool modelling. The normal method- 
ology is simply to use the equations 
presented by Beverton and Holt (1957), 
inserting where necessary the von 
Bertalanffy growth coefficient (K) or 
asymptotic length (Leo) parameters, 
values of total, natural, or fishing in- 
stantaneous mortality (Z, M, or F), and 
ages at maturity or entry to the fishery 
(t,, OF f,). Since this complete set of 
information is not available for many 
species of Hawaiian deepwater snap- 
pers, alternative methods must often 
be used to solve the yield equation. 
The first alternative method is to 
estimate independently as many pa- 
rameters as are within the limits of the 


7§. Ralston and K. E. Kawamoto. 1988. A bio- 
logical assessment of Hawaiian bottom fish 
stocks, 1984-87. U. S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent. 
Admin. Rep. H-88-8, Honolulu, Hawaii, 60 p. 
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database, and then use empirical rela- 
tionships to estimate the remaining pa- 
rameters. Ralston and Kawamoto’ used 
this approach for five species of Ha- 
waiian bottomfish (including four spe- 
cies of deepwater snappers: ehu, onaga, 
opakapaka, and uku), starting with es- 
timates of Leo and the ratio Z/K from 
application of the Wetherall et al. 
(1987) method on catch length frequen- 
cies. These length frequencies were 
converted from Honolulu auction 
weight data by using the length-weight 
conversion parameters from Loubens 
(1980), Uchiyama et al. (1984), 
Brouard and Grandperrin (1984), and 
Ralston (1988). The empirical relation- 
ship presented in Manooch (1987) was 
used to estimate K from Loo, and the 
empirical relationship presented in 
Ralston (1987) was used to estimate M 
from K. The mortality parameters Z 
and F were deduced algebraically, 
where Z=(Z/K)K and F=Z-M. Ages at 
entry were estimated from the ascend- 
ing limbs of the weight frequency dis- 
tributions, by using the length-weight 
conversion parameters and Loo and K 
(assuming 7,=0). The estimates of Loo 
and K were further used to construct a 
length converted catch curve from the 
length frequency distributions (also 
assuming 7,=0), resulting in another 
estimate of Z. Ralston (1984) also esti- 
mated M from Le, K, and water tem- 
perature using the empirical formula 
given in Pauly (1980). Generally, mul- 
tiple estimates of a parameter were av- 
eraged when they were in close 
agreement. Ralston and Kawamoto’ 
concluded that NWHI stocks were 
healthy, but most MHI stocks were be- 
ing growth overfished by excessive har- 
vesting of juvenile fish. They 
recommended some form of manage- 
ment regulation to counteract this. 
The second alternative method is to 
modify the yield equation to a form 
which uses the ratios Z/K, M/K, or F/K 
rather than Z, M, F, or K since the 
former are readily calculable by using 
the Wetherall et al. method on weight- 
converted length frequency samples 
from a fished population (where Z/ 
K=M/K+F/K) and an unfished popula- 
tion (where Z/K=M/K). F/K can then 
be solved for by subtraction, F/K=Z/ 
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K-F/K. This was suggested by Polovina 
(1987) and implemented by Somerton 
and Kobayashi® to calculate the spawn- 
ing potential ratio (SPR=ratio of cur- 
rent spawning stock biomass per recruit 
to the virgin spawning stock biomass 
per recruit) for two species of MHi 
deepwater snappers (ehu and opaka- 
paka). This analysis assumed that 
length frequencies of NWHI catch ap- 
proximated a virgin unfished condi- 
tion. Somerton and Kobayashi® 
concluded that SPR values were in the 
20-30% range which borders on the 
20% value generally accepted as an 
indicator of recruitment overfishing 
(Beddington and Cooke’). 

Both of these ad hoc applications of 
Beverton-Holt probably suffer from 
biases because of the variety of ap- 
proximations and assumptions. One 
bias potentially affecting both ap- 
proaches is due to use of the Wetherall 
et al. method to estimate initial param- 
eters of the analyses. Somerton and 
Kobayashi (1991) used computer simu- 
lation to show that estimates of Z/K 
and Leo from the Wetherall et al. 
method can be either positively or nega- 
tively biased for many years while the 
population is adjusting to a change in 
fishing intensity or from a recruitment 
perturbation (however, bias due to re- 
cruitment seasonality per se can be neg- 
ligible [Ralston, 1990]). Even under 
equilibrium conditions there can be 
substantial bias due to error in estimat- 
ing the size at complete fishery selec- 
tion and growth variability (Somerton 
and Kobayashi, 1991; Issac, 1990). In 
their assessment of the 1988 bottomfish 
stock, Somerton et al.'° abandoned the 
Beverton-Holt approach because of 
uncertainties regarding this type of 


8D. A. Somerton and D. R. Kobayashi. 1990. A 
measure of overfishing and its application on 
Hawaiian bottomfishes. U. S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Sci. Cent. Admin. Rep. H-90-10, 18 p 

°J. R. Beddington and J. G. Cooke. 1983. The 
potential yield of fish stocks. FAO Fish. Tech. 
Pap. 242, 47 p. 

0D). A. Somerton, B. S. Kikkawa, and A. R. 
Everson. 1989. Biological assessment of the 
Hawaii bottom fish stocks and the southeast 
Hancock Seamount armorhead stock, 1988. 
U. S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Cent. Admin. Rep. H- 
89-6, 34 p. 


bias; however, as mentioned previ- 
ously, Somerton and Kobayashi® ap- 
plied the Z/K, M/K, F/K version of 
Beverton-Holt to estimate SPR for ehu, 
which does appear to be in equilib- 
rium, and for opakapaka, for which 
there are additional data on size at com- 
plete fishery selection. 

Ralston and his coworkers?-*+’ 
(Ralston, 1981, 1984; Ralston and 
Miyamoto, 1983) have assembled an 
extensive database on the biology and 
fishery for opakapaka, which is by far 
the single best known species of Ha- 
waiian deepwater snapper. For this rea- 
son, assessment approaches for 
opakapaka require fewer assumptions 
and approximations, and often there 
are multiple estimates available for a 
desired parameter. Ralston (1984) and 
Ralston and Kawamoto? applied yield- 
per-recruit analyses to opakapaka 
which made use of many independently 
estimated parameters. Von Bertalanffy 
parameters were obtained from a study 
of otolith microstructure (Ralston and 
Miyamoto, 1983), and Z and M were 
estimated from length converted catch 
curves from fished and unfished areas, 
and age at entry was estimated from 
the ascending limbs of catch weight 
frequency distributions, by using 
length-weight conversion and von 
Bertalanffy parameters. 

Somerton and Kobayashi® developed 
a computationally simple dynamic es- 
timator of SPR that makes use of a 
time series of CPUE and catch size 
frequencies. Assuming that CPUE is 
an index of population size, changes in 
CPUE over time, coupled with the 
changes in the catch size composition, 
can be used to make estimates of SPR. 
Resorting to a similar strategy as that 
of Ralston and Polovina (1982), 
Somerton and Kobayashi® aggregated 
species in the CPUE index and were 
able to calculate species-specific dy- 
namic SPR for five MHI bottomfish 
species (including four species of 
deepwater snappers: ehu, onaga, 
opakapaka, and uku) by utilizing spe- 
cies-specific catch size frequency dis- 
tributions and sizes at maturity. These 
dynamic SPR values were similar to 
the equilibrium SPR values, falling in 
the range of 20-40%. The earliest 
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(1948) CPUE data were considered vir- 
gin, but it is known that considerable 
bottomfishing may have been taking 
place at least as early as the 1930's 
(Polovina, 1987); and no attempt was 
made to correct for technological im- 
provement in fishing efficiency. 
Clearly, there is a need for some type 
of dynamic stock estimator which does 
not rely on CPUE. 

The logical alternatives are dynamic 
production modelling or age-structured 
models. The former approach is handi- 
capped by incomplete landings and ef- 
fort data, and the lack of a reliable 
CPUE. The latter approach may be 
more suitable, particularly since more 
age and growth data are available from 
ongoing otolith studies. Preliminary 
application of stock-synthesis, an age- 
structured model developed by Methot 
(1989, 1990), to NWHI opakapaka has 
been favorable!', and a synthesis-like 
equilibrium approach called IMMAGE 
(Somerton and Kobayashi, 1992) has 
been successfully used to estimate re- 
cruitment, fishing mortality, and the 
gear selection curve for MHI and 
NWHI opakapaka!!. Currently, the 
1991 stocks are assessed with the 
CPUE-based dynamic SPR method. 


Management and Regulation 


Current fishing regulations for Ha- 
waiian deepwater snappers include 
commercial minimum size limits of 1 
pound for opakapaka, onaga and uku, 
and limited entry in the NWHI. There 
are no bag limits, closed seasons, or 
recreational minimum size limits for 
any deepwater snapper. 

Somerton and Kobayashi ex- 
plored the possible consequences of 
increasing the minimum size limit for 
opakapaka from | to 3 pounds or initi- 
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lulu, Hawaii 96822, unpublished data. 

!2F. A. Somerton, and D. R. Kobayashi. 1990. 
Some effects of increasing the minimum com- 
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filamentosus. U.S. Dep. Commer., NOAA, Natl. 
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Some effects of a seasonal fishing closure on 
opakapaka, Pristipomoides filamentosus. U. S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
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ating a 1-3 month seasonal closure of 
the fishery. Their results from com- 
puter simulation indicated that both 
management strategies could substan- 
tially benefit the fish population in 
terms of increasing the spawning stock 
biomass. The potential increases ranged 
from 15-—300% after a time period of 
5-10 years, depending on the initial 
condition of the stock. Maximal ben- 
efits are attained if sublegal fishing 
mortality is minimal (i.e. small fish are 
avoided or released alive) in the case 
of a size limit increase, and if a sea- 
sonal closure effectively reduces the 
total annual fishing mortality (i.e. there 
is no compensatory increase in fishing 
effort during the open season). It is 
unlikely that the long-term equilibrium 
yield would increase; however, the 
population would be less vulnerable to 
recruitment overfishing and the asso- 
ciated catastrophic stock decline. The 
State of Hawaii is currently evaluating 
these and other management options 
(e.g. bag limits, areal closures) in re- 
sponse to concerns of deepwater snap- 
per overfishing, primarily in the MHI. 


Research Needs Pertaining to 
Management 


Details of the reproductive biology 
are minimally adequate for most of the 
primary Hawaiian deepwater snapper 
species. More age and growth studies 
are needed, particularly for the younger 
and smaller fish, with enough data to 
better define the magnitude of growth 
variability. Discrepancies in growth 
estimation due to methodological dif- 
ferences in aging (e.g. Morales-Nin and 
Ralston, 1990; Radtke, 1987; Smith 
and Kostlan, 1991) need to be ad- 
dressed and resolved, as this informa- 
tion forms the foundation for cohort/ 
virtual population analysis, or stock 
synthesis assessment models. Move- 
ment patterns of adults and the extent 
of egg and larval dispersal need fur- 
ther study to clarify the identity of in- 
dividual stocks, which would help 
determine the temporal and spatial 
scale for effective management. 
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The Lobster and Shrimp Fisheries in Hawaii 


The Lobster Fishery 


Introduction 


The commercial lobster fishery in 
Hawaii is a trap fishery which harvests 
several lobster species in the North- 
western Hawaiian Islands (NWHI)— 
an isolated range of islands, islets, 
banks, and reefs extending 1,500 n.mi. 
northwest, from Nihoa Island to Kure 
Atoll (Fig. 1). The fishery targets two 
species: the endemic spiny lobster 
Panulirus marginatus (Quoy and 
Gaimard, 1825) and the common slip- 
per lobster Scyllarides squammosus 
(Milne-Edwards, 1837) (Fig. 2,3). Two 
other species—the ridgeback slipper 
lobster S. haanii (de Haan, 1841) 
(Morin and MacDonald, 1984) and the 
Chinese slipper lobster Parribacus 
antarcticus (Lund, 1793)—are caught 
incidentally in low abundance. 

Lobster concentrations in the NWHI 
were documented by research cruises 
in 1976, and commercial trapping be- 
gan in 1977 (Uchida and Tagami, 
1984). Since 1983, the lobster fleet has 
ranged from 9 to 16 vessels (15 to 35 
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m long), each averaging 3 trips per 
year. A typical vessels sets about 800 
traps per day and remains at sea almost 
2 months per trip. The NWHI lobster 
fishery is Hawaii’s most valuable de- 
mersal fishery; in recent years, annual 
landings have averaged about 600 met- 
ric tons (t) (1 million lobsters), valued 
at about $6 million U.S. ex-vessel 
(Fig. 4). Since 1988, about 80% of the 
landings have been spiny lobster 
(Polovina'). 

A commercial shellfish trap made 
by Fathoms Plus? is used by all the 
fishermen. This is a dome-shaped, 
single-chambered trap made of molded 
black polyethylene which measures 
980 x 770 x 295 mm, with a mesh size 
of 45 x 45 mm (inside dimensions). 
Each trap has two entrance cones lo- 
cated on opposite sides. Each trap also 
has two escape vent panels each con- 
sisting of four 67 mm diameter circu- 
lar vents located on opposite sides to 


'J. J. Polvina. 1991. Status of lobster stocks in 
the Northwestern Hawaiian Islands, 1990. U.S. 
Dep. Commer., Natl. Mar. Fish. Serv., South- 
west Fish. Sci. Cent. Admin. Rep. H-91-04, 16 p. 
2Mention of trade names or commercial firms 
does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 


facilitate the escapement of sublegal 
lobsters (lobsters under minimum le- 
gal harvest size). The traps are typi- 
cally baited with chopped mackerel 
(Scomber sp.) and fished in strings of 
several hundred traps per string most fre- 
quently set in depths from 20 to 70 m. 


Synopsis of the Fishery 


The historical landings from the lob- 
ster fishery exhibit a classical trend of 
a developing fishery with a period of 
low catches at the beginning of the 
fishery (1977-83) followed by a rapid 
increase in landings as more vessels 
entered the fishery and markets were 
developed (1984—86) and most recently 
a decline in landings as the population 
is reduced by overfishing (1987-91) 
(Fig. 4). In the early years of the fish- 
ery (1977-84) and since 1988, land- 
ings have been about 80% spiny and 
20% slipper lobsters. However, for a 
three-year period from 1985 to 1987 
the fishery targeted and largely de- 
pleted a previously lightly exploited 
population of slipper lobsters. 

Stock assessment has used the an- 
nual catch of spiny and slipper lobsters 
and trapping effort data from the com- 
mercial logbooks since 1983 (Table 1). 


Table 1.—Annual landings of spiny and slipper lobsters (in 1,000's), trapping effort (in 1,000’s trap-hauls), 
and the percentage of spiny lobster in the landings, 1983-90.' 





Spiny 
lobster 


Slipper 


Year lobster 


Total 
lobsters 


Spiny 
lobster 
CPUE % 


Trapping 
effort 





1983? 
1984 


158 18 
677 207 


176 64 
884 371 


2.75 90 
2.38 78 


1985 
1986 
1987 
1988 


1022 900 
843 851 
393 352 
888 174 

1989 944 222 

1990 591 187 

19915 131 35 


1922 1041 
1694 1293 
745 806 
1062 840 
1166 1069 
778 1182 
166 292 


1.83 53 
1.31 50 
0.92 53 
1.26 84 
1.09 81 
0.66 76 
0.56 79 


ABSTRACT — A description of the lob- 
ster and deepwater shrimp fisheries in 
Hawaii, addressing harvest levels, biol- 
ogy, and research, is presented. Both fish- 
eries are trap fisheries. The lobster fishery 
is a limited entry fishery with 1991 land- 
ings of 200 metric tons. The shrimp fishery 
is unregulated, with very sporadic effort, 
and annual landings below 200 metric tons. 





' Data were provided to the Honolulu Laboratory, National Marine Fisheries Service, as required by the Crustacean 
Fishery Management Plan of the Western Pacific Regional Fishery Management Council. 

2 April-December 1983. 

3 January-May, November-December 1991. 
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Figure 1.—The Hawaiian Archipelago, including the Northwestern Hawaiian Islands. 


Both spiny and slipper lobsters may be 
caught in the same trap but fishermen 
can alter the proportion of each spe- 
cies by selecting the trapping area and 
depth. Logbooks record only the num- 
ber of traps hauled and do not specify 
when effort targets spiny or slipper lob- 
ster. Since 1983 when logbook report- 
ing was in effect, the combined catch 
per unit effort (CPUE) for legal slipper 
and spiny lobsters has declined from 
2.75 to 0.56 lobster per trap-haul (Fig. 4). 

Stock assessment of the lobster re- 
source is hindered by the relatively 
short catch and effort time series and 
our inability to age lobsters. A dynamic 
production model, fit to the combined 
spiny and slipper lobster catch and ef- 
fort data for the entire NWHI, esti- 
mates an equilibrium production curve 
with a maximum sustainable yield of 
900,000 lobsters/year from a fishing 
effort of 740,000 trap-hauls, resulting 
in a CPUE of 1.22 lobsters/trap-haul 
(Polovina'). A CPUE time-series model 
estimates the annual instantaneous 
natural mortality (M) at 0.7/year and 
catchability (g) at 1.0 x 10°° 
(Polovina'). Thus the 1990 fishing ef- 
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fort of 1.2 million trap-hauls corre- 
sponds to a fishing mortality (F) of 
1.2/year or 1.7 times M. Based on the 
minimum harvest sizes and this level 
of fishing mortality, the spawning stock 
biomass per recruit is estimated at 40% 
of the level in the absence of fishing. 

Both the level of fishing mortality rela- 
tive to natural mortality and the relative 
spawning biomass suggest that fishing 
effort alone was not sufficient to cause 
the decline in CPUE observed in 1990 
and 1991. Current research suggests this 
decline is the result of poor recruitment 
(due to oceanographic conditions) at some 
banks which resulted in a concentration 
of fishing effort at the remaining banks 
where recruitment was strong. 


Research 


After the initial research cruises 
documented lobster concentrations in 
the NWHI in 1976, research focused 
on the biology of the spiny lobster 
Panulirus marginatus. Tagging stud- 
ies at Kure Atoll and French Frigate 
Shoals estimated a von Bertalanffy 
growth curve for growth (in carapace 
length) to have a parameter K of 0.31/ 


year with an asymptotic carapace 
length of 13.2 cm, a mean natural mor- 
tality estimate of 0.37/year, and esti- 
mates for the ages at the onset of sexual 
maturity of 2.7 and 1.7 years for males 
and females, respectively (MacDonald, 
1984). Trapping surveys mapped the 
spatial distribution of P. marginatus in 
the NWHI and indicated that the high- 
est catch rates ranged from depths of 
55-73 m in the southeastern portion of 
the NWHI to 19-54 m in the north- 
western portion of the Hawaiian Ar- 
chipelago (Uchida and Tagami, 1984). 
The settlement of post-larval lobster, 
puerulus, were monitored at Kure Atoll, 
French Frigate Shoals, and Oahu with 
surface collectors (MacDonald, 1984). 
Puerulus settlement appeared seasonal 
at the ends of the Hawaiian Archi- 
pelago; the greatest settlement occurred 
in the summer at Kure Atoll and in the 
winter at Oahu while at French Frigate 
Shoals, more centrally located, settle- 
ment appeared more uniformly through- 
out the year (MacDonald, 1986). 
Research conducted during 1984— 
87 developed escape vents to reduce 
the catch and hence mortality of sub- 
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Figure 2.—The spiny lobster, Panulirus marginatus. 


legal spiny lobster (<50 mm tail width) 
and sublegal slipper lobster (<56 mm 
tail width) without reducing legal 
catches. A circular vent design takes 
advantage of the different morphology 
of the spiny and slipper lobsters to al- 
low escapement at different tail sizes 
for each species. Specifically, research 
found that traps equipped with two vent 
panels consisting of four 67 mm diam- 
eter circles placed at the bottom of the 
trap caught 83% and 93% fewer 
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sublegal spiny and slipper lobsters than 
did nonvented control traps, without 
significantly reducing legal catches of 
either species (Everson et al., In press). 

An estimated 2,000 plastic traps are 
lost annually in the NWHI. Concern 
has been raised that lobsters entering 
those lost traps may be unable to exit 
and therefore die. Recent field and tank 
studies have investigated whether lob- 
sters can escape unbaited lobster traps. 
The results indicate that lobsters using 


the traps for shelter are able to exit, 
and no mortality due to the retention 
of slipper or spiny lobster in traps was 
observed (Parrish and Kazama, 1992). 

Ongoing research is directed toward 
understanding the factors responsible 
for observed spatial and temporal varia- 
tion in adult lobster abundance within 
the Hawaiian Archipelago. Results 
from larval tows and studies on local 
oceanography suggest that long-term 
differences in lobster densities between 
banks in the NWHL are not due to local 
larval densities but to differences in 
the amount of relief provided by the 
benthic habitat on the banks. 

Temporal variation in spiny lobster 
stocks at the two most productive banks 
in the fishery, Maro Reef and Necker 
Island, has been studied with both com- 
mercial and research data. Research 
and commercial trapping data both 
show a wide variation in recruitment 
to the fishery for spiny lobster at Maro 
Reef relative to Necker Island, 360 
n.mi. to the southeast. A high correla- 
tion is observed between recruitment 
to the fishery at Maro Reef and the 
relative sea level between French Frig- 
ate Shoals and Midway Island four 
years earlier. Geosat altimeter data in- 
dicate that the variation in relative sea 
level between French Frigate Shoals 
and Midway is linked to the E! Nifio 
Southern Oscillation (ENSO). The 
mechanisms responsible for the appar- 
ent link between sea level and lobster 
recruitment are not known and are the 
subject of current research. However, 
the sea level index may prove to be a 
useful forecast of recruitment to the 
fishery at Maro Reef four years later 
(Polovina and Mitchum, 1992). 

One economic study (Clarke and 
Pooley, 1988) has examined the return 
on investment as a function of vessel 
size. The most profitable vessels in the 
fleet are the midsize vessels. These 
vessels are 20-30 m long, have 5-9 
crew members, and are able to set 600- 
820 traps per day. Larger vessels face 
cost constraints while smaller vessels 
face operational problems. 


Management 


The fishery has been managed un- 
der Federal jurisdiction with a fishery 
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Figure 3.—The slipper lobster, Scyllarides squammosus. 


management plan (FMP) administered 
by the Western Pacific Regional Fish- 
ery Management Council (WPRFMC) 
since 1983. Currently the plan prohib- 
its the harvest of slipper lobster (S. 
Squammosus) with a tail width of <56 
mm and spiny lobster (P. marginatus) 
with a tail width of <50 mm, prohibits 
the retention of egg-bearing females, 
requires that all traps have escape vents 
to reduce handling and release-induced 
mortality on sublegal lobsters, and 
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mandates that vessels submit logbooks 
recording daily catch and trapping ef- 
fort. A decline in CPUE from 1.25 
lobster per trap-haul in 1988 to 0.6 in 
1990 as well as concerns that vessels 
from other fisheries in worse condi- 
tion were considering entering the lob- 
ster fishery, motivated the fishermen 
to work with the WPRFMC to develop 
a limited entry and harvest quota plan. 
Further, to protect the spawning biom- 
ass of the stock while the plan was 


being developed the WPRFMC passed 
emergency regulations to close the fish- 
ery for 6 months (May through Octo- 
ber, 1991). In March 1992, the lobster 
FMP was amended to include provi- 
sions for a limited entry system for a 
maximum of 15 vessels, an annual fleet 
harvest quota, and a closed season from 
January through June to protect the 
spawning biomass before the summer 
spawning. The quota is set to achieve 
an average CPUE over the fishing sea- 
son of 1.0 lobster per trap-haul. A pre- 
season quota is set using an estimate 
of the population size at the end of the 
previous fishing season and estimates 
of natural mortality and recruitment. A 
final quota is set after the first month 
of fishing based on the CPUE during 
that month. Information from research 
surveys can also be used in the quota 
calculations. Currently, fishermen and 
managers are considering whether an 
individual quota would be an improve- 
ment over the current fleet quota. 

The lobster fishery has sufficient 
management regulations, which if ap- 
plied correctly, should make the fish- 
ery sustainable and economically 
profitable. However, environmental 
factors may result in both considerable 
annual as well as decadal-scale varia- 
tion in the exploitable lobster popula- 
tion and hence landings. 


The Shrimp Fishery 


Deepwater pandalid shrimp are 
found in some abundance throughout 
the tropical and subtropical Pacific 
(King, 1984; Moffitt and Polovina, 
1987). In Hawaii, research trapping 
showed that Heterocarpus laevigatus 
(Fig. 5) and the smaller and more shal- 
low dwelling species, H. ensifer, could 
be readily caught in the depth range 
350-825 m in baited traps (Struhsaker 
and Aasted, 1974). During the past de- 
cade there have been two periods when 
the resource, particularly the more valu- 
able species H. laevigatus, has been 
the target of fishing. In the early 1980's 
a small trap fishery was initiated around 
the main Hawaiian Islands. The ves- 
sels typically used large, pyramid- 
shaped traps with a volume of almost 2 
m?, and a large vessel might set up to 
50 traps a day (Tagami and Barrows, 
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Figure 4.—Total lobster landings and commercial catch per unit effort (CPUE) from the 
lobster fishery in the Northwestern Hawaiian Islands. Data since 1983 are based on vessel 
logbooks required under the fishery management plan. 


Figure 5.—The deepwater shrimp, Heterocarpus laevigatus. 
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1988). Landings from this fishery 
peaked in 1984 at over 190 metric tons 
of H. laevigatus with an ex-vessel value 
of $1.5 million ($7.85/kg) from 7 ves- 
sels, 23-40 m in length (Ralston and 
Tagami, 1992). However by the late 
1980’s most of the vessels had left the 
fishery as declining catch rates and the 
high cost of the deep trapping made 
the fishery unprofitable. There was a 
resurgence in the fishery in 1990, when 
landings of over 100 t were reported, 
primarily the result of intensive fish- 
ing by a single vessel but this level of 
production was not sustainable at a 
profitable CPUE*. Currently there are no 
management regulations for this resource. 

Recent research has conducted sub- 
mersible surveys of shrimp densities 
on different habitats and estimated 
shrimp biomass from an intensive trap- 
ping depletion study (Moffitt and 
Parrish, 1992; Ralston and Tagami, 
1992). The submersible surveys ob- 
served that H. ensifer tended to group 
around large anemones and other 
benthic relief over an otherwise flat, 
sandy bottom and were very active in 
the presence of a baited trap (Gooding 
et. al., 1988; Moffitt and Parrish, 1992). 
However, H. laevigatus were solitary 
and showed little activity around baited 
traps. Greater densities of H. laevigatus 
were observed on volcanic than on cor- 
alline substrata (Moffitt and Parrish, 


3Commercial Landings, State of Hawaii, Divi- 
sion of Land and Natural Resources, Division 
of Aquatic Resources, 1990. 
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1992). The depletion study based on 
intensive trapping estimated a 
catchability coefficient which when 
applied to trapping data around the 
main Hawaiian Islands estimated an 
exploitable biomass of H. laevigatus 
of 271 t (Ralston and Tagami, 1992). 

While the deepwater shrimp resource 
may support a very limited local fish- 
ery or perhaps periodic heavy pulse 
fishing, it is unlikely to be the object 
of heavy sustained exploitation. Initial 
high catch rates appear to drop rap- 
idly, gear loss is appreciable and costly 
due to the trapping depths, and mar- 
kets are not well established. 
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An Ecological Perspective on Inshore Fisheries 
in the Main Hawaiian Islands 


Introduction 


Regional Geography and 
Fishing Pressure 


The volcanic peaks and platforms 
that make up the Hawaiian Islands rise 
from the ocean floor between roughly 
lat. 19-28° N and long. 155-178° W, 
giving the archipelago a length of close 
to 1,500 miles. However, almost all of 
Hawaii’s population and land mass 
(above sea level) is concentrated on 
eight islands, located within 300 miles 
of the southeastern tip of the island chain 
(Fig. 1). These are the main Hawatian 
Islands (MHI), which include Hawaii, 
Maui, Lanai, Kaho’olawe, Molokai, 
Oahu, Kauai and Ni’ihau. They are dis- 
tinguished geologically and for manage- 
ment purposes from the submerged 
islands and atolls northwest of Kauai (be- 
ginning with Nihoa), known as the North- 
western Hawaiian Islands (NWHI). 


M. KIMBERLY SMITH 


Accessibility and rates of exploita- 
tion of Hawaiian inshore fisheries are 
determined largely by regional geog- 
raphy. Emergent portions of the NWHI 
are minimal, are exposed to treacher- 
ous northerly storms, and offer only 
limited freshwater and vegetation. 
These are some of the reasons the 
NWHI are largely uninhabited by hu- 
mans. Travel from populated islands 
can take from days to weeks, depend- 
ing on the size and condition of the 
vessel. Because of the distances in- 
volved, commercial fishermen with 
large vessels are essentially the only 
participants in NWHI fisheries. 

The NWHI are an important breed- 
ing and resting ground for monk seals, 
green sea turtles, and various migra- 
tory seabirds whose natural habitat has 
been disturbed because of human ac- 
tivity in the MHI (Balazs, 1980; 
Gilmartin et al., 1980; Harrison and 
Hida, 1980). Most of the inshore area 


is part of the Hawaiian Islands Na- 
tional Wildlife Refuge (designated in 
1909 by President Theodore Roosevelt 
as a bird refuge), managed by the U.S. 
Fish and Wildlife Service (USFWS). 
To maintain a less disturbed environ- 
ment for threatened and endangered 
species, recreational and commercial 
activities (including fishing) are not 
allowed within the 10-20 fathom 
isobath of most islands northwest of 
Kauai (varying with location). Because 
of this, inshore fisheries in the NWHI 
are largely unexploited. 

Inshore fish and invertebrate re- 
sources in the NWHI include many 
popular MHI species, such as a’ama 
crab, Grapsus grapsus; ahdlehdle, 
Kuhlia sandvicensis; striped mullet, 
Mugil cephalus; and moi, Polydactylus 


M. Kimberly Smith is with the Division of 
Aquatic Resources, Department of Land and 
Natural Resources, 1151 Punchbowl Street, 
Room 330, Honolulu, HI. 96813. 





ABSTRACT—A description of fisheries 
within a depth of 100 fathoms is provided 
for the eight southeastern-most islands of 
the Hawaiian Archipelago, known as the 
main Hawaiian Islands (MHI). These are 
the inhabited islands of the State of Ha- 
waii and are those most subject to inshore 
fishing pressure, because of their accessi- 
bility. Between 1980 and 1990, an aver- 
age of 1,300 short tons of fishes and inver- 
tebrates were reported annually within 100 
fm by commercial fishermen. Total land- 
ings may be significantly greater, since 
fishing is a popular pastime of residents 
and noncommercial landings are not re- 
ported. Although limited data are avail- 
able on noncommercial fisheries, the ma- 
jority of this review is based on reported 
commercial landings. 

The principal ecological factors influ- 
encing fisheries in the MHI include coastal 
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currents, the breadth and steepness of the 
coastal platform, and differences in wind- 
ward and leeward climate. Expansive 
coastal development, increased erosion, 
and sedimentation are among negative 
human impacts on inshore reef ecosystems 
on most islands. Commercial fisheries for 
large pelagics (tunas and billfishes) are 
important in inshore areas around Ni’ihau, 
Ka’ula Rock, Kauai, and the Island of Ha- 
waii (the Big Island), as are bottom 
“handline” fisheries for snappers and 
groupers around Kauai and Molokai. How- 
ever, many more inshore fishermen target 
reef and estuarine species. 

Two pelagic carangids, “akule,” Selar 
crumenopthalmus, and “opelu,” Decap- 
terus macarellus, support the largest in- 
shore fisheries in the MHI. During 
1980-90, reported commercial landings 
within three miles of shore averaged 203 


and 125 t for akule and opelu, respec- 
tively. Akule landings are distributed fairly 
evenly throughout the MHI, while more 
than 72% of the state’s inshore opelu land- 
ings take place on the Big Island. Besides 
akule and opelu, other important commer- 
cial fisheries on all the MHI include those 
for surgeon, soldier, parrot, and goat- 
fishes; snappers; octopus, and various 
trevallies. Trends in reported landings, 
trips, and catch per unit effort over the 
last decade are outlined for these fisher- 
ies. In heavily populated areas, fishing 
pressure appears to exceed the capacity of 
inshore resources to renew themselves. 
Management measures are beginning to 
focus on methods of limiting inshore fish- 
ing effort, while trying to maintain resi- 
dents’ access to fishing. 
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Figure 1.—Hawaiian Archipelago showing main Hawaiian islands. 


sexfilis (Okamoto and Kanenaka, 
1984). Spiny lobster, Panulirus 
marginatus, various eteline and lutjanid 
snappers, jacks, groupers, and large 
pelagic fishes are found slightly far- 
ther from shore (Uchida and Uchiyama, 
1986), just as is seen in the MHI. These 
and other inshore fisheries in the MHI, 
where they are harvested, are the sub- 
ject of this review. 


Climate, Coastal Topography, 
and Inshore Fishery Habitats 


Inshore fisheries will be defined for 
this review as those within the 100-fm 
contour. This arbitrary boundary is 
found within three miles of shore 
throughout most of the MHI. Its corre- 
spondence with the offshore limit of 
state waters is convenient, although 
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many inshore species migrate freely 
across the three-mile boundary. Nor- 
mally the continental shelf is used as a 
guideline for the limit of inshore fish- 
eries; however, these volcanic islands 
have no continental shelf. Gosline and 
Brock (1976) also selected the 100—fm 
isobath as an outer boundary, justify- 
ing this in part because it was the maxi- 
mum depth fished by traps and hand- 
lines at that time. Modern hydraulic 
gurdies have extended the depth limit for 
fishing somewhat, but 100 fm is still a 
reasonable limit for small boat inshore 
fisheries (Squire and Smith, 1977). 
Depth profiles, climate, and terres- 
trial influences are imporiant determi- 
nants of the distribution of inshore 
fisheries in the MHI. The importance 
of coastal topography and hydrogra- 


phy may be accentuated by Hawaii’s 
relative isolation in the northern tropi- 
cal Pacific. The attraction of some pe- 
lagic species toward land formations 
(Murphy and Shomura, 1972) may also 
enhance inshore fishing opportunities. 

The climatic pattern, which affects 
the distribution of terrestrial and 
aquatic communities throughout the 
MHI and most of the northern tropical 
Pacific is determined by prevailing 
trade winds. Wind-born weather fronts 
lose some of their moisture in passing 
over the mountainous portions of is- 
lands in this region. Thus, windward 
(northeastern) slopes have higher rain- 
fall than leeward (southwest-facing) 
slopes. Because of this, windward em- 
bayments tend to support more estua- 
rine fisheries than leeward areas. 
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Although high rainfall, erosion, and 
sedimentation are antagonistic to the 
survival of healthy corals, the coastal 
shelf also sustains fringing and patch 
reefs in windward regions. These habi- 
tats support rock- and crevice-dwell- 
ing organisms, such as octopus, crabs, 
and lobsters. The balance between the 
degree of protection from wind and 
waves, the amount of rainfall and sedi- 
mentation, and the availability of shal- 
low shelf influences the extent of reef 
development in windward and leeward 
areas. 

There are few stream-fed estuaries 
in Hawaii. The most important fresh- 
water input to inshore areas may well 
be through groundwater (Carlquist, 
1980). Wherever sources of freshwa- 
ter meet the ocean (particularly in 
embayments), fish such as the Hawai- 
ian anchovy or “nehu,” Encrasicholina 
purpurea; round herring, Etrumeus 
micropus; and gold spot herring, 
Herklotsichthys quadrimaculatus; re- 
turn seasonally to spawn (Williams and 
Clarke, 1983; Clarke, 1989). More 
commonly, Hawaiian fishes use estu- 
aries as feeding and nursery areas, and 
may spawn offshore (Clarke, 1991). 
Fishes which feed in Hawaiian estuar- 
ies include mullet, Mugil cephalus; 
Hawaiian flagtail, Kuhlia sandvicensis; 
bigeye scad, Selar crumenopthalmus, 
and various species of snappers and 
trevally. Schools of adults and juve- 
niles are targeted by fishermen as they 
enter and leave embayments. 

Substrate, current, shelter, and food 
preferences of Hawaiian fishes are 
among other factors that separate spe- 
cies guilds and fisheries in relation to 
habitat (Gosline and Brock, 1976; 
Squire and Smith, 1977). Despite its 
narrow shelf, a wide variety of sub- 
merged habitats can be found around 
the MHI. The lagoons, bays, and 
beaches that surround these islands 
vary in composition from sand and mud 
to rock and coral. Sandy corridors, 
rocky slopes, and outcroppings are in- 
habited by large carangids, snappers, 
and groupers which are harvested with 
bottom “handlines” (Ralston and 
Polovina, 1982). Kona crabs, Ranina 
ranina, are also caught in these areas 
(Onizuka'). Schools of goatfishes, 
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small carangids, and the introduced 
blueline snapper or ta’ape, Lutjanus 
kasmira, are common closer to shore 
in open and embayed habitats. 

Hawaiian reefs support diverse and 
colorful communities of tropical fishes, 
invertebrates, and marine algae, which 
vary as a function of the depth, expo- 
sure, and three dimensional relief of 
their habitat (Fielding and Robinson, 
1987; Oishi). Reef fishes and inverte- 
brates include lobsters, crabs, octopus, 
surgeonfishes, parrotfishes, and cryp- 
tic nocturnal species such as glasseyes 
(Heteropriacanthus cruentatus and 
other priacanthids), soldierfishes, 
Myripristis spp., and squirrelfishes, 
Sargocentron spp. Many of these are tar- 
geted by pole-and-line fishing, trapping, 
or spearing; nets are also employed along 
the reef flats and edges, yielding much 
larger catches per gear-unit. 


The Main Hawaiian Islands 


The MHI, or “high islands” (islands 
above sea level), represent the younger 
portion of the Hawaiian Archipelago. 
Because they have emerged in rela- 
tively recent geologic time, these is- 
lands have less well-developed fringing 
reefs and have not subsided as far be- 
low sea level as the NWHI. The MHI 
form natural geographic groups, uni- 
fied by shared channels and portions 
of interisland shelf (Fig. 1), which in- 
clude: 1) Ni’ihau, Ka’ula Rock, and 
Kauai (the Kauai Complex), 2) Oahu, 
3) Molokai, Maui, Lanai, and 
Kaho’ olawe, (the Maui Complex), and 
4) Hawaii (the Big Island). These is- 
land platform groups are meaningful 
for the discussion of inshore fisheries 
because of the dispersal characteristics 
of Hawaiian fishes (Jordan and 
Evermann, 1905; Gosline and Brock, 
1976). Fishing activity, navigable sea 
conditions, and movements of fisher- 
men are closely tied to shallow coastal 
waters and thus are based within shared 
portions of coastal shelf (Squire and 


'E. W. Onizuka. 1972. Management and devel- 
opment investigations of the Kona crab, Ranina 
ranina (Linnaeus). Final Report to Div. Aquatic 
Resources, Dep. Land and Natl. Resources, State 
of Hawaii, 28 p. 

?F. Oishi. 1992. Hawaii’s marine life conserva- 
tion districts. Div. Aquatic Res., Dep. Land and 
Natl. Resources, State of Hawaii, 18 p. 


Smith, 1977; PAC). County designa- 
tions throughout the state also reflect 
these associations. Kauai and Ni’ihau 
are in Kauai County; Oahu is in Hono- 
lulu County; Lanai, Molokai, Maui, 
and Kaho’olawe are in Maui County; 
and the Island of Hawaii makes up its 
own county. 


The Kauai Complex 


Kauai, Ni’ihau, and Ka’ula Rock (a 
small peak southwest of Ni’ihau) are 
located at the northwestern corner of 
the MHI, separated from the other is- 
lands by the 72—mile-wide Kauai Chan- 
nel between Kauai and Oahu. Kauai is 
dominated by a single mountainous 
mass, cut by steep slopes and ridges, 
which occupies most of its central and 
western sectors. Most of Kauai’s coast- 
line has lush vegetation, high rainfall 
(600-700 inches annually on some 
parts of the island), strong currents, 
and precipitous drop-offs to oceanic 
depths. The windward coasts are 
shaped by seasonal flooding and stream 
input, providing avenues along which 
endemic gobies enter and leave their 
oceanic larval phase (Radtke et al., 
1988; Kinzie, 1990). Intensive spawn- 
ing and migration events stimulate in- 
shore fisheries. During the breeding 
season, Kauai’s northeastern to south- 
ern shores are a popular area for recre- 
ational fishermen targeting the gobiid 
Awaous stamineus (known as ‘o’opu 
nakea). Although reef fishes are seen 
all around the island, the southwestern 
coast shows a stronger oceanic influ- 
ence and supports more reef and coastal 
pelagic fisheries, including those for 
bigeye and mackerel scads, goatfishes, 
surgeons, and squirrelfishes. Throw- 
netting and spearfishing are also preva- 
lent on Kauai’s leeward coast. 

Ka’ ula Rock and Ni’ ihau, with steep 
nearshore slopes are drier than Kauai. 
All three islands provide habitat for 
snappers and groupers, captured by 
bottom hook-and-line fishing (referred 
to as “handlining,” although hydraulic 
gurdies are used). Ni’ihau also sup- 
ports a significant fishery for Kona crab 


3Pacific Analysis Corporation. 1984. Status of 
commerical fishing in the State of Hawaii. U.S. 
Army Eng. Div., Pac. Ocean Corps, Ft. Shafter. 
Prepared by PAC, 68 p. 
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(Onizuka'). Depths of 100 fm are 
reached within two miles of the shore 
of all three islands that make up the 
Kauai Complex, broadening to within 
3-5 miles on the north shore of Kauai. 


Oahu 


Seventy-two miles southeast of 
Kauai and twenty-six miles north of 
Molokai (across the Kaiwi Channel), 
Oahu is home to about 75% of the 
state’s 1.3 million inhabitants (DBEDT, 
1990). Having sustained the largest 
population for more than a century, it 
has experienced the highest levels of 
fishing pressure and other human im- 
pacts of all the Hawaiian Islands. The 
impacts of human development on fish 
populations along Oahu’s heavily 
populated coast have been noted since 
the turn of the century (Jordan and 
Evermann, 1905). Artificial islands and 
airstrips have been built over reefs, 
bays, and sandbars on Oahu’s leeward 
side; commercial and private piers, 
loading docks, high-rise hotels, and 
heavily populated beaches have over- 
run the natural shoreline. Dynamite was 
used to carve shipping channels into 
the reefs of Kaneohe Bay, on the wind- 
ward coast, and the resulting coral 
rubble was placed into various land- 
fills along its shoreline (Devaney et 
al., 1982). Coastal sites invaded by ur- 
ban development include many ancient 
Hawaiian fishponds. In spite of con- 
gestion, residents can be found fishing 
from shore at all times of the day and 
night, especially along the less devel- 
oped windward coast. Fishermen us- 
ing light tackle line the windward shore 
during summer runs of oama and hahalalu 
(juvenile goatfish and bigeye scad). 

The coastal shelf around Oahu is 
broader than that of the Kauai Com- 
plex, particularly at its prominent 
points. However, the 100—fm contour 
is still within three miles of shore in 
most areas. Bottom handlining, spear- 
ing, and trapping are among fisheries 
which depend on Oahu’s relatively 
wide coastal shelf. Surround net and 
gill net fishing also take place on this 
shelf in embayments and along the 
edges of reefs. 

Parallel mountain ranges, running 
northwest to southeast, determine 
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Oahu’s pattern of leeward and wind- 
ward climate. Its northern and north- 
eastern shores are strongly influenced 
by stream, surface, and groundwater 
input, seasonal storms, flooding, and 
high waves. Windward fisheries in- 
clude several for estuarine species, such 
as mullet, crabs, carangids, octopus, 
sardines, and anchovies. The climate 
is generally drier on the southwestern 
side of the island, supporting more typi- 
cally marine fisheries. However, Pearl 
Harbor in the middle of Oahu’s leeward 
shore is the state’s largest estuary. 

Together, Pearl Harbor and Kaneohe 
Bay represent over 80% of true estua- 
rine habitat in Hawaii. Kaneohe is a 
windward embayment containing a 
sandbar and many patch and fringing 
reefs. A unique mixture of corals and 
sediments, it has received decreasing 
amounts of fresh water and increased 
sediments over the years, owing to de- 
forestation, erosion, and diversion of 
streams and groundwater to the lee- 
ward (more populated) side of the is- 
land. Despite decreased freshwater 
input, Kaneohe Bay is affected by sea- 
sonal floods which damage its coral 
reefs. Freshwater and sediment load- 
ing during floods has been intensified 
by channelization of streams and 
steeply graded urban development 
(Devaney et al., 1982; Gordon and 
Helfrich, 1970; OSP*). Freshwater in- 
put to Pearl Harbor has also decreased 
over the years. Together with marine 
pollution, this may have diminished its 
populations of estuarine fishes, such 
as mullet and certain carangids (Smith 
et al., 1973; Kimmerer and Durbin, 
1975). Regardless of human impacts, 
both Pearl Harbor and Kaneohe Bay 
still support two of Oahu’s largest and 
most diverse fisheries. 


The Maui Complex 


On the southeast side of the Kaiwi 
Channel, Maui, Molokai, Lanai and 
Kaho’olawe form parts of a unified 
platform with a maximum depth of 
<100 fm. The Maui Complex has the 
widest coastal shelf of all the island 


4Office of State Planning. 1992. Kaneohe Bay 
master plan. Rep. of Kaneohe Bay Master Plan- 
ning Task Force. OSP/Coastal Ocean, Reef and 
Island Advisors, Ltd., 171 p. 


platform groups. In some places (nota- 
bly Penguin Bank), the 100—fm isobath 
is found over 30 miles from shore. The 
shallow, protected channels and 
beaches between islands provide a nest- 
ing and feeding ground for marine 
turtles, and a breeding and nursery 
ground for humpback whales. The 
channels and broad shelf are also a 
favorite fishing ground for full-time 
and experienced part-time fishermen, 
the latter known locally as the “week- 
end warriors.” 

Maui’s dominant geological features 
are two volcanic peaks, Pu’u Ula’ula 
(Red Hill, on eastern Maui) and Pu’u 
Kukui (Candlenut Hill or the West 
Maui Mountains), united by a narrow 
land bridge. The double-mountain for- 
mation creates two natural embay- 
ments, windward Kahului and leeward 
Ma’alaea Bay. Maui’s windward side 
is a lush, green agricultural area. Its 
leeward slopes are dry (but fertile) vol- 
canic soil. Coastal soils have been 
heavily eroded by farming and devel- 
opment, as is common throughout the 
MHI. Spearfishing, surround and gill 
netting are the principal inshore meth- 
ods used on the windward coast; while 
throw netting and handlining are popu- 
lar on Maui’s leeward shore. Due west 
of Ma’alaea Bay is Molokini Shoal, a 
unique and abundant area which is pro- 
tected as a (State) Marine Life Conser- 
vation District (MLCD). 

Molokai, the northernmost member 
of the Maui group, is also a double 
island. Its peaks, (western) Pu’u Nana 
and (eastern) Kamakou, are less than 
half the height of the mountains on 
Maui, giving the island a relatively dry 
climate and providing a less heteroge- 
neous coastal habitat. Penguin Bank, 
on the western end of Molokai, is the 
most extensive shallow shelf area in 
the Hawaiian Islands. This bank sup- 
ports a productive bottom “handline” 
fishery for snappers and groupers 
(Ralston and Polovina, 1982) and ex- 
tensive net harvests of Kona crab 
(Onizuka'). Molokai is known for its 
numerous Hawaiian fishponds, many 
of which are now either partially or 
fully submerged. With fewer inhabit- 
ants and a closer adherence to tradi- 
tional fishing methods than is seen on 
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more populated islands, Molokai has 
fewer problems from overfishing of 
inshore habitats. 

Kaho’ olawe, now uninhabited, was 
taken over by the U.S. Navy in 1941 
and used as a training area for more 
than 50 years (Clark, 1985). In 1968, 
the Navy began to reopen nearshore 
areas to fishermen and boaters. The 
island is gradually being reclaimed and 
debris (including monofilament line, 
plastic garbage, and unexploded ord- 
nance), which accumulated during the 
military occupation, is being removed 
to eliminate the hazard to humans and 
marine life in the area. 

Lanai, a small island west of Maui, 
is dedicated to agriculture. With the 
exception of the state harbor at Manele 
Bay, its entire coastline above the veg- 
etation zone is private property. Ac- 
cess is mainly limited to resident 
workers and their guests. A few par- 
tially submerged Hawaiian fishponds 
are found on Lanai’s eastern coast, 
where the fringing reef is farthest from 
shore. Quiet beaches on the western 
side of the island provide a nesting 
ground for green sea turtles. The south- 
western shore supports another type of 
marine life refuge, the Manele- 
Hulopo’e MLCD. 


Hawaii, the “Big Island” 


The Island of Hawaii, at the south- 
eastern end of the Hawaiian Archi- 
pelago (across the Alenuihaha 
Channel), is known to residents as the 
“Big Island.” Still volcanically active, 
the Big Island is dominated by two 
lar te dome volcanoes (Mauna Loa and 
Mauna Kea), and a few smaller ranges 
and craters. New beaches can be cre- 
ated in days or weeks on the southeast- 
ern Coast, as a consequence of volcanic 
activity. The 100—fm isobath is found 
well within a mile of shore, from 
Kealakekua Bay on the western side 
and around the southern tip of the is- 
land to Cape Kumukahi. The coastal 
shelf widens to within 2-5 miles along 
the northern coast, from Cape 
Kumukahi to Kealakekua. 

Wind and weather are particularly 
important along Hawaii’s northeast 
shore, which receives year-round high 
rainfall, and periodic storm and seis- 
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mic waves (or “tsunamis”). Windward 
Hilo Harbor supports extensive recre- 
ational and commercial fisheries for 
sardines, ‘ama’ama (mullet), ahélehdle 
(Hawaiian flagtail), hahalalu (young 
bigeye scad), kuahonu crab, Portunus 
sanguinolentus; and Samoan crab, 
Scylla serrata’. Reef fishes are also 
caught on the open coast in this region. 

The repercussions of land-based hu- 
man activities in the Big Island’s wind- 
ward fisheries have been noted since 
the effluents of the sugar industry made 
streams and inshore areas uninhabit- 
able to some fishes (Welsh®). These 
impacts have been mitigated to a cer- 
tain extent over the years (Grigg, 1972, 
1985), but have by no means been 
eliminated. Erosion and freshwater in- 
put via streams and groundwater influ- 
ence nearshore ecology dramatically. 
The brown halo seen along the wind- 
ward coast during rainy periods is an 
index of the magnitude of coastal ero- 
sion. Natural erosion has been intensi- 
fied by the loss of forested areas to 
cattle ranching and agriculture. Addi- 
tional environmental concerns for the 
Big Island’s windward coast include 
those from toxics (DOH, 1981; Hall- 
acher et al., 1985), sewage (Ambrose 
and Johnson, 1987), privately owned 
septic systems (Dudley et al., 1991), 
and petroleum derivatives from small 
and large vessels. 

In contrast to the lush green valleys 
and raging rivers of the windward side, 
the Big Island’s leeward (Kona) coast 
is flatter and drier and has more devel- 
oped coral reefs. The inshore dropoff 
is particularly steep on the Kona Coast. 
Deep inshore waters and currents fa- 
vorable to large pelagic fishes make it 
a preferred site for trollers and deep 
pelagic handline fishermen, who catch 
tunas, mahimahi, Coryphaena hip- 
purus; and billfishes in this region. 
However, the most prominent inshore 


5J. Kahiapo and M. K. Smith. In review. Recre- 
ational fishing survey of Hilo Bay: 1985-1990. 
Div. Aquatic Resources, 75 Aupuni St., Rm. 
220, Hilo, Hawaii 96720, 41 p. 

®J. P. Welsh. 1949. A preliminary report to the 
Division of Fish and Game Bait Program. Sec- 
tion 1. Summary of field work with special 
reference to Hilo Harbor nehu scarcity. Fish. 
Progr. Rep., Div. Fish Game, Bd. Comm. Agr. 
Forest, Hawaii 1(1), 25 p. 


fisheries are those for smaller coastal 
pelagics, such as mackerel scad, 
Decapterus macarellus; and bigeye 
scad, Selar crumenopthalmus. Reef fish 
harvests of surgeon and soldierfishes 
are also significant in this area. 


Available Data 


Commercial Fisheries 


Although anecdotal information is 
available, the only consistent long-term 
source of data on Hawaii’s fisheries is 
the commercial landings database 
maintained by the State Division of 
Aquatic Resources (DAR, formerly the 
Division of Fish and Game). Anyone 
who catches and sells even one fish is 
considered a commercial fisherman and 
is required to report his or her landings 
and fishing effort on a monthly basis. 
The location of fishing activity is ref- 
erenced to numbered geographic areas 
from the Commercial Fisheries Statis- 
tical Charts (DAR’), which are given 
to fishermen with catch report forms. 

Despite legal reporting requirements, 
in practice there is considerable 
nonreporting. In the past, actual com- 
mercial landings may have been as 
much as double the amount reported 
for some species. Improved follow-up 
measures to track down licensed fish- 
ermen who fail to report have signifi- 
cantly increased the proportion of 
licensed commercial landings regis- 
tered since 1989; however, other com- 
mercial fishermen remain unlicensed 
and commercial landings are still un- 
derestimated. Methods of improving 
the accuracy and completeness of com- 
mercial landings data are constantly 
under review (DAR®; Kasaoka’). Re- 
gional, seasonal, and short-term annual 
trends in these data are considered re- 
liable and provide a plausible index of 
differences in commercial landings and 


Div. Aquatic Resources, State of Hawaii. 1990. 
Commercial fisheries statistical charts. Div. 
Aquatic Resources, Dep. Land and Natl. Re- 
sources, Charts A-H. 

8Div. Aquatic Resources, State of Hawaii. 1984. 
Hawaii fisheries statistics design study. Div. 
Aquatic Res., Dep. Land and Natl. Resources, 
187 p. 

°L. D. Kasaoka. 1991. Revising the State of 
Hawaii’s commercial fish catch reporting sys- 
tem. Final Report to Div. Aquatic Resources, 
Dep. Land and Natl. Resources, 466 p. 
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fishing activity. However, recorded 
data would not represent total landings 
even if 100% reporting could be 
achieved, because there is no law to re- 
quire recreational catches to be reported. 


Noncommercial (Recreational 
and Subsistence) Fishing 


Hawaii is a state of fishermen and 
both recreational and “subsistence” 
landings are an important consider- 
ation. Actual “subsistence” fishing is 
rare. Most noncommercial fishermen 
fish either for enjoyment or to put food 
on the table, but do not rely on fishing 
as a source of food. Many are either 
retired or have a full-time job. Hawaii 
is one of the few U.S. coastal states 
which does not require a saltwater rec- 
reational fishing license. Because there 
are no recreational permitting or re- 
porting requirements, it is difficult to 
estimate the number of recreational 
fishermen in Hawaii or their landings. 
Surveys indicate that 19-35% of resi- 
dents fish (Hoffman and Yamauchi, 
1972; USFWS, 1988). Estimates of rec- 
reational anglers alone were above 
187,000 in the early 1980’s (DAR'®), 
as opposed to about 4,000 licensed 
commercial fishermen. Lal and Clark 
(1991) cited the State Department of 
Transportation and the U.S. Army 
Corps of Engineers as a source for an 
estimated 12,690 “personal boats,” of 
which approximately 74% were engaged 
in fishing as their primary activity. 

Recreational fishermen may outnum- 
ber commercial fishermen signifi- 
cantly, but per-trip landings are con- 
siderably lower. The difficulty in 
interpreting trends in total landings is 
compounded by differences in fishing 
gears and species targeted recrea- 
tionally vs. commercially (SMS Re- 
search!!; Samples and Schug!*; Meyer 


Div. Aquatic Resources, State of Hawaii. 
1981. Management of Hawaii’s coastal zone: 
Living marine resources. Div. Aquatic Re- 
sources, Dep. Land and Natl. Resources, 95 p. 
'ISMS Research. 1983. Experimental valuation 
of recreational fishing in Hawaii: Final Report. 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Sci. Cent., Honolulu 
Lab., Southwest Fish. Sci. Cent. Admin. Rep. 
H-83-11C, 43 p. 
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Resources, Inc.'3). Shoreline fishing 
with pole and line, trolling, spear- 
fishing, throw netting, and crab net- 
ting are all popular activities of non- 
commercial fishermen. Surveys at Hilo, 
on the Big Island, show that 40-70% 
of shoreline fishing is conducted ei- 
ther with rod and reel or handpole (a 
bamboo pole without a reel) (Kahiapo 
and Smith, unpubl. data). This can be 
contrasted with an estimated 0.5% of 
commercial fishermen using light 
tackle in this area. Skillful fishermen, 
averaging 40-60 years of age, spend 
hours fishing patiently for ‘ama’ama, 
hahalalu, crabs, and ahdlehdle at Hilo 
and other areas throughout the state (Table 
1 provides local and common fish names). 

Differences in fishing areas, access 
methods, and target species of recre- 
ational fishermen mean their contribu- 
tion to the total weight and species 
composition of landings must also be 
different. These differences make it 
impossible at present to interpret over- 
all trends in landings and catch rates 
for species taken jointly by the recre- 
ational and commercial sectors. An in- 
dependent estimate of recreational 
landings is needed. Only fragmentary 
information is presently available, but 
an effort is in progress to improve the 
data. 

In the last 5-8 years, the DAR and 
the National Marine Fisheries Service 
(NMFS) have begun developing meth- 
ods of estimating total landings through 
port and shoreline fishing (or “creel”) 
surveys. Creel surveys involve field 
observation and interviews of recre- 
ational and commercial fishermen. Re- 
sults of a pilot port-of-landing survey 
for greater Oahu show that some gears 
and species which are insignificant in 
commercial landings become impor- 
tant when total landings are consid- 
ered (Hamm and Lum’*). Inshore 


demographics, motivations, expenditures and 
fishing values. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Sci. 
Cent. Admin. Rep. H-85-8C, 95 p. 

'3Meyer Resources, Inc. 1987. A report on resi- 
dent fishing in the Hawaiian Islands. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Sci. Cent., Honolulu Lab., Southwest 
Fish. Sci. Cent. Admin. Rep. H-87-8C, 74 p. 
41D). C. Hamm and H. K. Lum. 1992. Prelimi- 
nary results of the Hawaii small-boat fisheries 
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methods which are widely dispersed 
along the shoreline, such as spearing 
(for octopus and reef fishes), trapping 
(for small fishes), and handpicking (for 
marine algae) are particularly difficult 
to sample and may not show up at all 
in either commercial catch reports or 
port-of-landing surveys (Everson!»). 
Shoreline creel surveys are now being 
conducted in several locations, includ- 
ing Kaneohe Bay (Everson!>) and 
Waikiki (Yamamoto!®; DLNR, 1992), 
Oahu; Hilo Bay, Hawaii (Kahiapo and 
Smith, unpublished data); and Hanalei 
and Nawiliwili Bays, Kauai. Fishery 
scientists may rely increasingly on in- 
formation obtained through creel sur- 
veys to assist in interpreting reported 
data for estimates of overall landings 
for the state. Where data are available, 
recreational fisheries are included in 
the present discussion. However, it is 
important to keep in mind that the fol- 
lowing summaries are based primarily 
on reported commercial landings. 


Sport Fishing 


Besides residents, Hawaii supports an 
extensive gamefish charter boat industry 
catering to visitors. Samples et al.' esti- 
mated that 73,780 passenger-trips per year 
were completed during 1982, capturing 
about 2.2 million pounds of fish and $8.1 
million in total revenue. It is common for 
the sport catch to become the property of 
the vessel and be sold by the captain. 
Charter boat operators are considered to 
be commercial fishermen (Hawaii Re- 
vised Statutes §189—2) and thus are re- 
quired by law to submit catch reports 


survey. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Sci. Cent., Hono- 
lulu Lab., Southwest Fish. Sci. Cent. Admin. 
Rep. H-92-08, 35 p. 

'SA. Everson. 1991. Fishery data collection sys- 
tem for fishery utilization study of Kaneohe 
Bay: One year summary report. Hawaii Inst. 
Mar. Biol. NMFS job report to Div. Aquatic 
Res., Dep. Land and Natl. Res., 14 p. 


'6M. Yamamoto. 1990. Annual job progress 
report. Federal aid in sportfish restoration ac- 
tivities. Statewide Marine Research and Sur- 
veys Project F-16—-R-15. Monitoring of 
Waikiki-Diamondhead FMA. 

'"K. C. Samples, J. N. Kusakabe, and J. T. 
Sproul. 1984. A description and economic ap- 
praisal of charter boat fishing in Hawaii. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Sci. Cent., Honolulu Lab., 
Southwest Fish. Sci. Cent. Admin. Rep. H-84— 
6C, 130 p. 





Table 1.—inshore commercial species by habitat, gear, and fishing method. 





Habitat 


Fishing gear or method 


Scientific name 


Local name 


Common name 


Percent weight! 





Shelf, slope and channel: 
Rocky to sandy bottoms 


Coastal pelagic: 
Interisland channels and 
inshore areas right outside 
the reef 


Reef® and rocky: 

Open coast predominantly 
marine areas 

Juveniles in embayments 


Embayments® and estuaries: 


Including sand, mud, and 
patch reef habitats 


Bottom handline 


Surround net 

Purse seine 

Pelagic handline 

Trolling 

Pole and line 

Palu’ahi (using fish chum) 
Ikashibi (using squid as bait) 


Handline 
Spear 

Traps 
Various nets 


Gill net 

Surround net 

Paipai net 

Spearing 
Handpicked 
Handline 

Pole and line 
Casting and spinning 


Etelis coruscans 

Etelis carbunculus 
Pristipomoides filamentosus 
Pristipomoides sieboldii 
Aprion virescens 

Seriola rivoliana 
Epinephelus quernus 
Lutjanus kasmira 
Heterocarpus laevigatus 


Selar crumenopthalmus 
Decapterus macarellus 
Makaira mazara 
Tetrapturus audax 
Xiphias gladius 
Thunnus albacares 
Thunnus alalunga 
Katsuwonus pelamis 
Acanthocybium solandri 
Coryphaena hippurus 
Euthynnus affinis 
Sphyraena barracuda 
Sphyraena helleri 
Elagatis bipinnulatus 


Mulloides flavolineatus 
Mulloides pflugeri 
Parupeneus porphyreus 
Parupeneus multifasciatus 
Pseudupeneus cyclostomus 
Acanthurus dussumieri 
Acanthurus triostegus 
Acanthurus xanthopterus 
Naso unicornis 


Myripristis berndti & others 
Scarus spp.* 

Atule mate 

Caranx ignobilis 

Caranx melampygus 
Caranx sexfasciatus 
Carangoides orthogrammus 
Gnathodon speciosus 
Priacanthus meeki and 
Heteropriacanthus cruentatus 
Bodianus bilunulatus 
Octopus cyanea 


Mugil cephalus 
Polydactylus sexfilis 
Chanos chanos 

Elops hawaiensis 

Kuhlia sandvicensis 
Albula vulpes 

Ranina ranina 

Portunus sanguinolentus 


Onaga 

Ehu 
Opakapaka 
Kalekale 
Uku? 
Kahala? 
Hapu’upu’u 
Ta’ape? 
Ono Shrimp 


Akule/Hahalalu® 
Opelu 

A’u 

A’u 
Shutome 
‘Ahi 
Tombo 
Aku 

Ono 
Mahimahi 
Kawakawa 
Kaku 
Kawelea 
Kamanu 


White/Green Weke 
Weke-ula 

Kumu 

Moano 

Moano Kea 

Palani 

Manini 

Pualu 

Kala 


U’u (Menpachi) 
Uhu 


Omaka 

White (Ulua/papio) 
Omilu (Ulua/papio) 
Ulua Menpachi 
Papa (Ulua/papio) 
Pa’opa’o 
Aweoweo 


A’awa 
He’e (Tako) 


‘Ama’ama 

Moi 

Awa 

Awaawa 
Ahdlehdle 
‘O’'io 

Kona Crab 
Kuahonu Crab 


Red snapper 
Red snapper 
Pink snapper 


von Siebold’s snapper 


Grey snapper 
Amberjack 
Seale’s grouper 
Blue-line snapper 
Deepwater shrimp 


Bigeye scad 
Mackerel scad 
Blue marlin 
Striped marlin 
Broadbill swordfish 
Yellowfin tuna 
Albacore 

Skipjack tuna 
Wahoo 
Dolphinfish 

Bonito 

Barracuda 
Heller's barracuda 
Rainbow runner 


Yellowstripe goatfish 
Pfluger’s goatfish 
Whitesaddle goatfish 
Manybar goatfish 
Blue goatfish 


Eyestripe surgeonfish 


Convict tang 


Yellowfinned surgeon 


Unicornfish 

Other surgeonfishes 
Soldierfishes 
Parrotfishes 
Yellow-tailed scad 
White trevally® 
Bluefin trevally® 
Bigeye trevally® 
Yellowspot trevally® 
Striped trevally> 
Red bigeye 


Blackspot wrasse 
Octopus 


Striped mullet 
Threadfin 
Milkfish 


Ladyfish/Ten pounder 


Hawaiian flagtail 
Bonefish 
Spanner crab 
White crab 


0.79 
0.23 
1.54 
0.14 
1.33 
0.53 
0.13 
2.80 
1.39 


28.92 
17.82 
0.94 
0.17 
0.18 





' Percent weight = mean annual percent (by weight) of commercial landings reported between 1980-90 to the DAR in required Commercial Fish Catch Reports. 


2 Uku, kahala, and ta’ape come in quite close to shore as juveniles and adults. 


3 Adult and juvenile bigeye scad are referred to as “akule” and “hahalalu”, respectively. Residents think of the two as distinct and report catches of each separately, as if they 


were different species. 


* Parrotfishes captured are mainly Scarus perspicillatus and Scarus sordidus. 


5 The five species of trevallies listed make up more than 90% of “ulua/papio” landings. Omaka landings were also grouped as uluas since their juveniles may not always be 
distinguished in catch reports. Adult trevally and other jacks are referred to generally as “ulua”; juveniles as “papio”. Kahala landings may also be placed into this group as 
juveniles because of their similar appearance, but they are separated in this table because of differences in adult habitat. It should be noted that the size at which fish become 
designated “ulua”, rather than “papio” varies from island to island. 

6 There is some overlap in distribution between species listed under “reef” and “estuarine/embayment” habitats. Reefs and their fauna may also be found within embayments and 
estuaries in Hawaii. 


(HRS §189-3). Thus, charter boat land- 
ings should be included in reported com- 
mercial data. 


(by weight) of the state’s inshore com- 
mercial landings. Individual reef spe- 
cies weigh a fraction of the average for 
coastal pelagics. Therefore, the weight 
of landings increases significantly in 
areas where large pelagic species are 
caught close to shore (such as on the 
Kona Coast). Landings in other areas 
represent a much larger number of or- 


ganisms and many more hours of fish- 
ing effort. Unfortunately, available data 
do not allow an in-depth evaluation of 
mean size or numeric abundance, since 
fishermen often report only the num- 
ber of pounds caught (most species are 
sold by weight). 

Reef species make up a relatively 
smal! fraction of the total weight of 


Inshore Species 


Table 1 summarizes local and com- 
mon names of the principal inshore 
fishes as a function of depth and habi- 
tat. These 47 species represent 91% 
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landings, but market preferences in- 
crease the economic value of the reef 
catch. Goatfishes, such as kumu, 
Parupeneus porphyreus, and moano 
kali (or moano kea, Parupeneus 
cyclostomus), are targeted with traps 
and spears by inshore fishermen and 
sell for 2-6 times the price of other 
goatfishes, depending on the season. 
Prices for moano kali are the highest 
because these fish inhabit deeper water, 
making them more difficult to target. 
Reported inshore landings by island 
platform groups (Table 2) illustrate the 
most important regional trends in 
weight and relative abundance of the 
top ten species in each area. Many spe- 
cies that are major constituents of in- 
shore landings are also captured in 


Table 2.—Mean annual landings (short tons) reported for 1980-90 by geographic region for Hawaii's 


principal inshore commercial species. 


significant numbers farther from shore. 
Because of their high mobility, the as- 
sessment and management of these 
stocks rely on collaboration between 
State and Federal agencies. Areas in 
the mid-MHI (Oahu and the Maui Com- 
plex), with more developed inshore 
shelf, fringing and patch reefs, sustain 
a larger proportion of landings of reef, 
shelf, and crevice-dwelling species, 
such as kumu, weke, u’u, ta’ ape, palani, 
uhu, and he’e. The steep coastal slopes 
and swift currents of the Kauai Com- 
plex and the Big Island are a more suit- 
able habitat for inshore pelagic species. 
Akule, Selar crumenopthalmus; and 
opelu, Decapterus macarellus, \and- 
ings rank within the top ten fisheries 
on all islands. From 1980 to 1990, re- 





Principal Species' 
Island (descending order by weight of inshore landings) 





platform 
group Local name 


Scientific name 





Kauai complex Akule/hahalalu 
‘Ahi (yellowfin) 
Opelu 

Ono shrimp 
Ta’ape 
White/green weke 
U'u 

Ulua/papio 

Ono 

Uku 


Akule/hahalalu 
Opelu 
White/green weke 
Ta’ape 
He’e/tako 
‘Ahi (yellowfin) 
Palani 
Ulua/papio 
Aku 
Uhu 
Maui complex Akule/hahalalu 
Ulua/papio 
Shutome 
Uhu 
Opakapaka 
White/green weke 


‘Ahi (yellowfin) 


Hawaii Opelu 
‘Ahi (yellowfin) 
Akule/hahalalu 
Ono shrimp 
Ono (wahoo) 
U'u 
Ta’ape 
Ulua/papio 
Opakapaka 
Uhu 


Selar crumenopthalmus 
Thunnus albacares 
Decapterus macarellus 
Heterocarpus laevigatus 
Lutjanus kasmira 
Mulloides flavolineatus 
Myripristis spp. 
Primarily Caranx spp 
Acanthocybium solandri 
Aprion virescens 


Selar crumenopthalmus 
Decapterus macarellus 
Mulloides flavolineatus 
Lutjanus kasmira 
Octopus cyanea 
Thunnus albacares 
Acanthurus dussumieri 
Caranx spp. 
Katsuwonus pelamis 
Scarus spp. 


Selar crumenopthalmus 
Caranx spp. 

Xiphias gladius 

Scarus spp. 

Pristipomoides filamentosus 
Mulloides flavolineatus 
Aprion virescens 
Decapterus macarellus 
Octopus cyanea 

Thunnus albacares 


Decapterus macarellus 
Thunnus albacares 

Selar crumenopthalmus 
Heterocarpus laevigatus 
Acanthocybium solandri 
Myripristis spp. 

Lutjanus kasmira 

Caranx spp. 

Pristipomoides filamentosus 
Scarus spp. 


5.72 
5.01 
4.74 
4.43 
4.07 
4.02 
3.95 
3.03 
2.82 


91.18 
41.42 
34.07 
10.71 
9.44 
6.82 
5.61 
5.04 
4.29 
4.07 





1 There are three multispecies categories (u'u, trevallies, and uhu). The species making up each of these categories 


are defined in Table 1. 


2 Mean annual tons = average annual weight of reported landings from 1980-90. 
3 Spp. freq. (%) = mean annual percentage of trips for 1980-90 which reported catching the species. 
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ported commercial landings within 
three miles of shore averaged 203 and 
125 tons for akule and opelu, respec- 
tively. Akule (bigeye scad) are the most 
productive inshore fishery throughout 
the MHI, except on the Big Island 
where more opelu (mackerel scad) are 
caught. Akule are captured with sur- 
round nets, made of either nylon or 
monofilament line (DLNR, 1992). 
Hoop nets are effective for catching 
opelu, which dive deeper when startled. 
Both species are also captured with 
hook and line. Night jigging with flies 
for akule and opelu on dark nights or 
during the new moon, using a small 
light to attract the fish (Kawamoto!®), 
is extremely popular on all islands and 
among residents of all ages. Either a 
rod and reel or a simple bamboo 
“handpole” can be used. 

Figures 2 and 3 show regional trends 
in landings of opelu and akule, respec- 
tively, from 1980 to 1990. More than 
72% of the state’s inshore opelu land- 
ings takes place on the Kailua-Kona 
Coast of the Big Island (Fig. 2). There- 
fore, trends in opelu landings are domi- 
nated by the success of the Big Island 
fishery. Akule landings (Fig. 3) are 
distributed fairly evenly throughout the 
MHI but are greatest on the Kailua- 
Kona Coast, at Ma’alaea Bay (on Maui) 
and Waianae (Oahu). Both fisheries 
have shown cyclical changes in abun- 
dance over the past 11 years, with peaks 
in 1983 and 1989. Changes in catch 
rates (CPUE, pounds/trip) are prima- 
rily responsible for the observed an- 
nual differences in catch, presumably 
because of actual changes in abundance 
of these highly mobile species in in- 
shore areas. This trend is much stron- 
ger for the akule fishery. Regional 
trends in landings also vary somewhat 
from year to year (Fig. 2, 3). This is 
partly due to differences in seasonal 
migration patterns of the fishes around 
each island platform group and partly 
because of movements of a few large 
purse seiners. 


'8P. Y. Kawamoto. 1973. Management investi- 
gation of the akule, or bigeye scad, Trachurops 
crumenopthalmus (Bloch). Completion rep. for 
NMFS under Comm. Fish. Res. Devel. Act. 
P.L. 88-309. Proj. H-4-R, Div. Fish and Game, 
Dep. Land and Natl. Res., Hawaii, 28 p. 
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Figure 2.—Regional commercial landings of opelu 
in the main Hawaiian islands by island platform 


group. 


Fishing Gears and Methods 


Fishing gears employed in Hawaii 
include various pole-and-line methods 
(spin casting, handlining, or trolling) 
from shore, pier or platform, using 
motorized or unmotorized boats, ca- 
noes, kayaks, or surfboards. He’e (oc- 
topus), limu (algae), and cryptic fishes 
such as aweoweo (glasseyes) and u’u 
(soldierfishes) are speared or hand-col- 
lected by diving or swimming (with or 
without scuba). Trolling from 
windsurfers, canoes, and kayaks is used 
to capture ulua and papio near the reef 
drop-offs. Huge uluas, over 40 Ib, are 
taken in this manner. Mahimahi, ono, 
and billfishes can be caught by mov- 
ing slightly offshore, changing to lures 
or live bait, and by trolling with a high 
speed engine. The most extensive de- 
scription of Hawaii’s nearshore angling 
methods has been compiled by Rizzuto 
(1983, 1987, 1990). This information 
is complemented by Hosaka’s (1973) 
publication and by popular televised 
programs that celebrate the art of Ha- 
waiian fishing. 

Table 3 summarizes the most com- 
mon inshore commercial fishing gears 
by island platform group. Each group 
has unique fisheries characteristics, but 
there are more similarities than differ- 
ences. The most important gear around 
all islands is the bottom handline. Troll- 
ing (for large pelagics) is the second 
most important fishing method on the 
Kauai Complex and the Big Island; 
diving, spearing, and other reef meth- 
ods are second in importance around 
Oahu and Maui. Gill netting and re- 
lated methods ranked third everywhere, 
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group. 


except on the Big Island, where sur- 
round netting (for opelu) is more im- 
portant. Throw netting is more 
prevalent around the Maui Complex 
than in other areas. There is not neces- 
sarily a direct relationship between gear 
frequencies and the proportion of land- 
ings by gear type. In fact, the least 


Figure 3.—Regional commercial landings of akule 
in the main Hawaiian islands by island platform 


abundant gears often show the highest 
catch rates. Table 4 illustrates this, 
showing mean catch per unit effort 
(CPUE) and number of trips by gear type. 

The relatively low proportion of 
trolling trips and high proportion of 
trapping around Oahu are both unique 
to this area. Oahu is also the only is- 


Table 3.—Mean proportion of inshore commercial fishing trips by gear type and geographic region. 





Relative gear abundance 
(% of annual trips") 





Fishing gear/method 


Maui 


Oahu complex Hawaii 





Aku boat (pole and line) 
Longline/flagline 

Drifting pelagic handline 

Bottom handline 

Kaka line/set line, ikashibi, palu’ahi 
Trolling 

Rod and reel (light tackle) 

Trap 

Diving (knife, spear, hand-picked) 
Seine/gillnet/hukilau net 
Akule/opelu/surround/purse nets 
Throw net 

Lobster/crab nets 

Bait net 

Other and unspecified 


0.2 
<0.1 
0.7 
46.2 
0.3 
4.5 
0.2 
10.7 
15.3 
12.1 
2.7 
0.9 
1.8 
<0.1 
4.1 





' Tabled values are the mean annual number of trips reporting each gear type from 1980 to 1990, expressed as a 


percentage of the total mean annual number of trips. 


Table 4.—CPUE by gear type for principal fishing gears 





Annual mean (1980-90) 





Geartype 


Landings (Ib.) CPUE (ib/trip) 





Aku boat (pole and line) 
Longline/flagline 

Drifting pelagic handline 

Bottom handiine 

Kaka line/set line, ikashibi, palu’ahi 
Trolling 

Rod and reel (light tackle) 

Trap 

Diving (knife, spear, handpicked) 
Seine/gillnet/hukilau net 
Akule/opelu/surround/purse nets 
Throw net 

Bait net 

Lobster/crab nets 


10,245.6 
8,648.2 
33,581.3 
426,581.4 
15,992.3 
108,711.0 
1,141.4 
57,078.4 
91,660.6 
227,443.4 
347 ,869.4 
7,843.4 
11.4 
9,327.4 


282.2 
285.4 
52.3 
47.5 
183.4 
24.4 
10.0 
153.8 
79.4 
196.4 
542.7 
11.5 
5.7 
54.4 
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land supporting a major bait fishery at 
this time. Baitfishes (primarily nehu, 
or Hawaiian anchovy) were formerly 
harvested from Ma’alaea Bay, Maui 
(Nakamura, 1967) and other locations. 
These fisheries declined for marketing 
reasons during the mid-1980’s 
(Kushima et al., 1992). Baitfishes har- 
vested in Pearl Harbor and Kaneohe 
Bay are used to catch aku slightly off- 
shore (Comitini, 1977), making Oahu 
the most important island for aku fish- 
ing. All aku boats presently have their 
home ports on Oahu. 

Advances in the technology for fish- 
ing and locating fish are constantly in- 
creasing the efficiency of Hawaii’s 
fishermen. Differences in the construc- 
tion of fishing gears over the years 
have resulted in higher catch rates 
which, together with the rapidly in- 
creasing population, contribute to the 
potential for overfishing. For example, 
cotton or “linen” nets used by early 
Hawaiians have been replaced by 
monofilament nets which require less 
maintenance, bring in larger catches, 
and are less easily perceived by fish in 
clear water. Monofilament nets are 
employed along the reef faces, on the 
open coast and in embayments, both 
fixed (as a gill net) and to surround 
and bag fish schools (as a purse net) 
(DLNR, 1992). Paipai is another popu- 
lar method of net fishing, whereby cer- 
tain species (particularly weke) are 


herded into nets, either by divers or 
from a boat. The advent of mono- 
filament line makes this method ex- 
tremely effective, since the nets are 
essentially invisible in the water. 

There are no trawl fisheries in Ha- 
wali, since sharply sloping, coralline, 
or rocky coasts do not provide suitable 
substrate for trawl operations. Attempts 
at bottom and midwater trawling in the 
1970’s and 1980's were therefore aban- 
doned. Bullpen nets are set in areas 
that are open and flat, facilitating the 
capture of large and highly mobile 
fishes. Sea turtles captured in bullpen 
nets, are easily released alive. Fish 
caught by surround methods can also 
be kept alive for long periods of time 
and released or harvested selectively. 
While many fish or turtles caught acci- 
dentally are released by conscientious 
fishermen, some die because people 
leave nets unattended or hold fish for 
long periods of time. This practice is 
particularly wasteful in Hawaii where 
the standard of quality for local fish 
consumption is high and where injured 
fish may not be marketable. 

Other variations in fishing methods 
that influence catch composition in- 
clude daytime vs. night fishing (and 
diving); diving with scuba; fishing with 
or without the moon; and carefully se- 
lecting seasons, tidal phases, and loca- 
tions (Titcomb, 1952; Hosaka, 1973). 
All these tools are at the command of 


experienced fishermen in Hawaii, who 
pass on their special fishing secrets 
from one generation to another. Cul- 
tural heritage and family traditions, in- 
cluding preferences for certain species, 
are among the underlying factors that 
determine the composition of fisheries 
landings in Hawaii. 


Geographic Trends in Catch Rates 
and Fisheries Exploitation 


Table 5 summarizes total reported 
landings and provides an index of com- 
mercial harvest rates within each is- 
land platform. The index, mean annual 
pounds per square nautical mile of 
shelf, was obtained by dividing re- 
ported landings by an estimated area 
for each coastal shelf, based on the 
difference between the area of land 
above sea level (DBEDT, 1990) and 
that of a circle enclosed by the 100—fm 
isobath. The length of the isobath for 
each platform group was taken from 
Ralston and Polovina (1982). Land- 
ings within three miles of shore were 
used for the Kauai Complex, Oahu, 
and Hawaii. For the Maui Complex, 
landings and estimated shelf area 
within 20 miles of shore were used 
owing to the extensive shallows of Pen- 
guin Bank. 

The index indicates a higher rate of 
exploitation around Oahu, as would be 
expected because of its large popula- 
tion. Oahu’s landings are accomplished 


Table 5.—Annual reported inshore and nearshore commercial landings and coastal harvest rates by geographic region. 





Inshore 
landings": 2 


Island platform group (<3 n.mi.) 


Nearshore 
landings® 
(3-20 n.mi.) 


Total 
(0-20 n.mi.) 


Mean 
annual 
Ib./n.mi.2 
of shelf® 


Estimated 
shelf area® 
(n.mi.?) 
within 100 fm 


Length of 
100 fm 
isobath* 
(n.mi.) 





Kauai complex 260,313 Ib. 


18.56 % 

Oahu 372,042 Ib. 
26.53 % 
Maui complex 258,738 Ib. 
18.45 % 
Hawaii 511,506 Ib. 
36.47 % 


Total all island groups 1,402,599 


769,557 Ib. 
10.81 % 


1,029,870 Ib. 
12.08 % 


2,737,943 Ib. 
38.45 % 


3,109,985 Ib. 
36.49 % 


1,197,168 Ib. 
16.81 % 


1,455,906 Ib. 
17.08 % 


2,416,141 Ib. 
33.93 % 


2,927,647 Ib. 
34.35% 


7,120,809 8,523,408 


195 2,484 104.8 


150 1,274 292.0 
390 11,080 131.4 
290 3,187 160.5 


18,205 144.27 





‘Lb = mean annual pounds reported between 1980 and 1990 (all species). 

2 Inshore % = percent of tota! MHI landings reported within three nautical miles of shore. 

3 Nearshore % = percent of total MHI landings reported from 3-20 miles of shore. 

* Length of 100-fm isobath = approximate nautical miles (from Ralston and Polvina, 1982). 

5 Estimated shelf area (ESA) = estimated square nautical miles of coastal shelf shallower than 100 fm. 
6 Mean annual Ib./n.mi.? shelf = Ib./ESA (landings within 20 n.mi. of the Maui complex included; only landings within 3 n.mi. for other areas). 

7 The all-islands total for “Mean annual Ib/n.mi.2” is based on a total of 2,599,767 Ib. Landings greater than three miles from shore (nearshore) are not included for the Kaui 


complex, Oahu, and the Big Island. 
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by a large number of fishermen and 
catch rates per fishermen for compa- 
rable fishing effort are lower than on 
other islands. To compensate for this, 
Oahu’s fishermen tend to use more fish- 
ing gear (considerably longer nets, 
more hooks, traps, etc.) and to fish for 
longer periods of time. Neighboring 
island residents are often astonished at 
the amount of effort invested by fish- 
ermen on Oahu. Reduced CPUE on 
Oahu may be an indication of adverse 
environmental impacts as well as over- 
fishing. The Kauai and Maui groups 
show nearly equivalent annual land- 
ings within three miles of shore, but 
Maui’s shallow depths extend to 3-20 
miles from shore (and beyond). Once 
scaled to the total shallow shelf area, 
estimated annual catch rates (mean |b/ 
n.mi.”) around Maui are similar to those 
estimated for the Kauai Complex. 

To evaluate catch rates around the 
islands, landings and CPUE (lb/trip) 
were summarized for the five most 
populated islands. Inshore catches and 
CPUE within 90° quadrants around 
each island are presented in Table 6. 
Trends for Kauai, Oahu, Maui, 
Molokai, and the Big Island indicate 
higher total landings and CPUE on the 
leeward (southwesterly) sides of all is- 
lands, in part because of increased land- 


ings of large pelagic species in this 
quadrant. However, there were also 
more trips recorded in most leeward 
areas. Increased pelagic productivity 
in leeward areas may be a function of 
localized upwelling and larval entrain- 
ment, driven by persistent (northeast- 
erly) trade winds (McGary, 1955). 
Increased fishing activity in these ar- 
eas probably results from improved sea 
conditions in the wind shadow of the 
islands, making leeward regions gen- 
erally an easier place for small boats to 
troll and set nets. Other factors include 
accessibility from the shoreline and 
availability of launch ramps (PAC’). 
Because of their relative protection 
from winter storms, leeward areas are 
a more likely location for small boat 
harbors with associated launch facili- 
ties. The southwestern sector of most 
islands, which is also a somewhat shel- 
tered quadrant, had the second highest 
number of trips. 

Trends in inshore landings and 
CPUE from 1980 to 1990 were sum- 
marized for seven other important in- 
shore species or groups (in addition to 
akule and opelu), which ranked in the 
top 10-20 consistently for three or more 
island platform groups. The groups se- 
lected were the white or green weke 
Mulloides flavolineatus; palani, 


Table 6.—Catch per unit effort (ib/trip) within 90° quadrants. 





Island Group 
Quadrant 


Mean annual 
Ib. landed 


Mean annual 
trips 


Average CPUE 
(Ib./trip) 





Kaui 
| (Northeast quadrant) 
Il (Northwest quadrant) 
ill (Southwest quadrant) 
IV (Southeast quadrant) 


22,156 
30,312 
77,149 
33,854 


Oahu 
| (Northeast quadrant) 
lt (Northwest quadrant) 
ili (Southwest quadrant) 
IV (Southeast quadrant) 


59,568 
51,866 
107,933 
77,263 


Maui 
| (Northeast quadrant) 
ll (Northwest quadrant) 
it (Southwest quadrant) 
IV (Southeast quadrant) 


17,167 
64,223 
106,188 
35,020 


Molokai 
| (Northeast quadrant) 
il (Northwest quadrant) 
itt (Southwest quadrant) 
IV (Southeast quadrant) 


6,297 
4,754 
42,912 
8,256 


Hawaii (Big Island) 
| (Northeast quadrant) 
ll (Northwest quadrant) 
ill (Southwest quadrant) 
1V (Southeast quadrant) 


33,132 
71,775 
284,449 
77,878 


269 82.3 
231 131.3 
571 135.1 
336 100.8 


539 110.5 
500 103.6 
442 74,8 
073 72.0 


219 78.2 
491 130.3 
399 266.3 
190 184.1 


49 127.5 
55 87.1 
244 175.7 
125 66.1 


573 57.8 
814 88.2 
2,025 140.5 
965 80.7 





Table 7.—Trends in catch per unit effort (Ib./trip) 
from 1980 to 1990 for selected species by island- 
platform group. 





Big Kauai 
Island complex 


Maui 
complex 


Mean 


Species Oahu All MHI 





U'u 36.39 
Ta’ape 24.41 
Weke 15.70 
Uhu 42.04 
He’e 13.71 
Palani 20.38 
Ulua 29.74 


52.5 
139.41 
97.75 
32.90 
26.95 
39.05 
38.28 


27.87 
24.18 
59.19 
63.66 
28.42 
20.53 
31.62 


13.07 
37.45 
48.88 
27.34 
26.94 
35.15 
21.02 


29.95 
37.22 
52.14 
40.03 
26.74 
29.37 
28.18 
Mean! 26.05 61.04 36.50 


29.98 38.39 





' All species. 


Acanthurus dussumieri'?; uhu, Scarus 
spp.; u’u, Myripristis spp.; he’e, Octo- 
pus cyanea; ta’ape, Lutjanus kasmira; 
and ulua/papio (jacks and trevallies, 
see Table 1). Statewide summaries only 
are provided here (Fig. 4 and 5), to 
show general trends in these fisheries. 
Regional mean CPUE by species 
groups are shown in Table 7. Catch 
rates were generally higher on Kauai 
and in the Maui Complex for all species. 

Reef fishes are most important on 
the islands of the Maui Complex and 
on Oahu. The highest volume of uhu 
were seen on all sides of Oahu, as well 
as at Kahului, Maui; and Kailua-Kona, 
Hawaii. Weke, palani, u’u, and uhu 
are abundant in both leeward and wind- 
ward landings because of the presence 
of well-developed reef habitats in both 
types of areas. Most weke were caught 
on Oahu’s northeastern and southeast- 
ern sides, on Kauai’s eastern coast, and 
on western Maui. Landings of green 
weke (Fig. 4A) have shown a gradual 
decline since about 1983. This is pri- 
marily attributable to decreasing 
CPUE, because the number of trips 
has remained fairly stable. The num- 
ber of trips has also remained constant 
for uhu (Fig. 4B), whereas reported 
landings have varied as a function of 
variation in CPUE. Palani landings 
(Fig. 4C) have shown a decline since 
1986, but this has been due to decreased 
fishing effort (fewer trips), while CPUE 
has increased or remained the same. 


'It should be noted that two other 
surgeonfishes, known locally as “pualu” 
(Acanthurus xanthopterus and A. mata) are dif- 
ficult to distinguish from the palani. Although 
separate records are kept when these species 
are reported separately, some pualu may be 
included in palani landings if they are not dis- 
tinguished by fishermen. 
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Figure 4.—Reported inshore commercial landings of selected species in the main Hawaiian 


islands. 




















Figure 5.—Reported inshore commercial landings of selected species in the main Hawai- 


ian islands. 


The entire leeward coast of Oahu, 
windward and leeward Maui, and the 
Kailua-Kona Coast, have shown the 
highest landings of palani. U’u land- 
ings (Fig. 4D) have fluctuated over the 
years because of varying effort and 
CPUE. 
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He’e (octopus) is another reef spe- 
cies for which landings have fluctu- 
ated as a function of cyclical changes 
in the number of trips and the magni- 
tude of CPUE. Figure 5A shows that 
the decline in reported landings since 
1986 is due to fewer reported trips. 


However, this species is caught in large 
numbers by noncommercial fishermen 
(Everson'>; Hamm and Lum!*), and 
commercial trends do not tell the whole 
story. Kahului (Maui) registered the 
highest he’e landings in the state, fol- 
lowed by Kaneohe Bay (Oahu). Both 
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are windward locations with a fairly 
wide shelf and reef area. 

The introduced ta’ape are abundant 
everywhere, much to the dismay of 
residents who prefer native fishes 
(Kushima”’). Reported landings (Fig. 
5B) have been largely determined by 
fluctuations in CPUE. Ta’ape are 
caught in large numbers by surroundnet 
fishermen, who normally target akule. 
Their landings are limited primarily 
by the local market, which becomes 
flooded when too many fish are caught. 
Uluas were also important on all is- 
lands; however, noncommercial land- 
ings are an important component of 
this multi-species fishery. Ulua land- 
ings at Penguin Bank are roughly three 
times the volume recorded elsewhere, 
but the shelf area is also considerably 
larger. Figure 5C shows trends in ulua 
landings for all islands. The regional 
makeup of the catch by species indi- 
cates that the most diverse fisheries 
are found at Oahu and in the Maui 
Complex, followed by the Big Island, 
and finally Kauai. However, an in-depth 
evaluation of this group by species is 
limited by the tendency of fishermen to 
lump the fish together in their catch re- 
ports as simply “ulua” or “papio.” 

Total reported landings, trips, and 
CPUE for all seven species above are 
shown in Figure 5D, where an overall 
decline since 1986 is seen. While 
CPUE fluctuates or remains equiva- 
lent over the same period, the number 
of trips reported is steadily decreasing. 
The reason for this is unclear, but would 
seem not to indicate any cause for con- 
cern, since fishermen would appear to 
be voluntarily reducing their effort or 
merely switching to more lucrative off- 
shore fisheries. However, it must be 
kept in mind at all times that reported 
commercial landings do not represent 
all inshore catch and effort. Another 
point worth noting is that the DAR 
began entering information on “no- 
catch” trips in the database in 1989. 
This information has not been included 
in the present summaries, but in the 
next decade its existence may allow a 


203. N. Kushima. 1989. Ta’ape market develop- 
ment project. Div. Aquatic Res., Dep. Land and 
Natl. Res., Hawaii, 29 p. 
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more accurate assessment of changes 
in CPUE. 


Additional Considerations 


Aquarium Landings 


Although the foregoing summaries 
provide a brief insight into the makeup 
of Hawaii’s nearshore commercial fish- 
eries, there is much room for further 
consideration. No attempt was made 
here to summarize catches by aquarium 
collectors. Van Poollen and Obara 
(1984) profiled early economic char- 
acteristics of the marine aquarium in- 
dustry in Hawaii. Aquarium landings 
are reported to the DAR and have been 
summarized by Miyasaka?!. There 
were 231 aquarium collectors with per- 
mits in the State in 1988 (DLNR, 1988), 
of which 42% were commercial col- 
lectors. These fishermen reported 
catching 249,625 small fishes and in- 
vertebrates comprising about 215 spe- 
cies during 1988, of which 53% were 
collected from inshore areas on the Big 
Island’s Kona Coast. The commercial 
value of these landings was estimated at 
$411,425 (all islands). 

This is a rapidly expanding indus- 
try, responsible for an increasing pro- 
portion of the market value of 
commercial landings. A recent analy- 
sis provided by the DAR to the 
Kaneohe Bay Master Planning Task 
Force (OSP*) showed that while the 
total weight of commercial landings in 
Kaneohe Bay has declined over the 
last 12 years, aquarium collectors have 
increased the value of these landings, 
primarily through the sale of reef in- 
vertebrates. The desire to increase 
profits, however, cannot overshadow 
the need for resource conservation. Ju- 
venile fishes are collected from inshore 
reefs, particularly along the leeward 
coast of the Big Island. Recent regula- 
tory measures (DAR) are aimed at 
moderating the impacts of these fish- 
eries by controlling them in certain lo- 
cations. Although the importance of 
aquarium fisheries cannot be overlooked, 


1A. Miyasaka. 1991. Hawaii’s aquarium fish 
industry: A business profile. Div. Aquatic Res., 
Dep. Land and Natl. Res., Hawaii, 15 p. 

22Div. Aquatic Resources, State of Hawaii. 1992. 
Regulations for the new Kona FMA. In press. 


this topic merits a separate review. 
Markets 


Local marketing opportunities for 
Hawaiian fishermen are limited, as 
might be expected in this isolated re- 
gion. Each island has its own small 
markets, including spontaneous road- 
side ventures which spring up and dis- 
appear overnight. There are two 
principal auction houses, one on the 
island of Oahu and one on the Big 
Island. It is estimated that these two 
auctions are responsible for from 50 to 
60% of fish sold commercially in the 
state. However, these markets cater to 
offshore fisheries and primarily ser- 
vice longline and bottom handline fish- 
ermen. Reef fishes are increasingly 
being sold directly to individual ven- 
dors. 

A recent increase in the number of 
ciguatera poisoning incidents reported 
to the State Department of Health has 
resulted in alarm regarding the con- 
sumption of reef fish captured locally, 
dramatically reducing the marketabil- 
ity of some inshore species and shift- 
ing fishing effort to areas where there 
have been no reported incidents. Al- 
though the danger of ciguatera may be 
largely exaggerated, vendors prefer to 
err on the side of caution. Fish are also 
exported without passing through the 
local markets. The subject of markets 
and landings value will be treated in 
depth by another contributor to this 
volume and is also beyond the scope 
of the present review. 


Nonconsumptive Uses of Marine 
Fisheries Resources 


Other important considerations in 
Hawaii include a variety of commer- 
cial nonconsumptive uses of inshore 
fisheries resources. Tourists enjoy ac- 
tivities designed to allow observation 
of reef fishes in their natural environ- 
ment. This may be done from a boat or 
submersible, or by actually entering 
the water using a mask and snorkel. 
The lucrative industry associated with 
the latter type of viewing activity may 
involve bringing large groups of rela- 
tively inexperienced swimmers into 
contact with shallow inshore reefs, 
causing extensive trampling of fragile 
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corals and destruction of the reef habi- 
tat. Both types of fish-viewing com- 
mercial tours generally involve some 
means of feeding the fish in order to 
concentrate them in an area where they 
can be seen. The result can be local- 
ized increases in abundance of the more 
aggressive and omnivorous species. 

One of the present challenges to fish- 
eries management in Hawaii is to pre- 
serve a healthy and abundant reef 
ecosystem that tourists can enjoy and 
at the same time allow fishing to take 
place at a reasonable level. The use of 
motorized recreational vehicles, such 
as jetskis and water skis, drives fish 
from the immediate area. Fishermen 
are responding to increased daytime 
commercial recreation by switching to 
nighttime fishing activity. Presumably 
fish viewing, ocean recreation, and fish- 
ing can coexist peacefully. Modern man- 
agement measures must include setting 
allowable levels for ocean recreation, in 
addition to limits to fishing. 


Fisheries Management 


Status of Biological 
Knowledge of Stocks 


Despite the importance and multi- 
use orientation of inshore resources, 
surprisingly little is known about the 
abundance and status of fisheries in 
Hawaii. Even generalized summaries 
of trends, such as are reported here, 
have rarely been attempted for inshore 
species. An exhaustive study would 
have to evaluate trends in these fish 
communities altogether, as an ecosys- 
tem. Changes introduced by humans 
in inshore habitat over the years may 
exert extremely important influences 
on fish abundance. 

A DAR" report provided one of the 
most comprehensive summaries to date 
of the complex cultural, traditional, 
ecological, and jurisdictional issues 
involved in the management of 
Hawaii’s inshore fisheries. In a survey 
fishermen described gear conflicts and 
reduced catches. Both fishermen and 
scientists expressed concern regarding 
whether the decline in nearshore fish 
populations might be due to increased 
fishing pressure and habitat alteration. 
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The status of fishery resources was, 
and continues to be, viewed as a “ba- 
rometer for the condition of our aquatic 
ecosystem.” An examination of avail- 
able (commercial) data at that time 
showed that fluctuating inshore fisher- 
ies landings were neither increasing 
nor declining significantly despite in- 
creased fishing effort. While CPUE was 
declining, it appeared that an equiva- 
lent amount of landings was being 
shared among an increasing number of 
fishermen. Various management sce- 
narios were envisioned which would 
optimize CPUE for different sectors of 
the fishery and protect habitats critical 
to fish populations from the impacts of 
coastal development. The need for a 
careful evaluation of multi-species and 
multi-gear fisheries was stressed, as 
was the need for more complete and 
reliable fisheries data. 

Shomura?> summarized data from 
the State’s commercial landings data- 
base, documenting an apparent decline 
in nearshore and both neritic and pe- 
lagic catches since the early 1900's. 
As in the DAR report, the data sum- 
marized by Shomura was in the form 
of statewide totals for many species 
and a wide range of geographic areas. 
Furthermore, no index of fishing effort 
was provided, making it difficult to 
interpret apparent trends. Shomura in- 
dicated that while deep slope and off- 
shore pelagic landings had increased 
significantly, inshore and coastal land- 
ings were declining. The increase in 
offshore landings could be attributed 
to the effect of increased market de- 
mands on fishing effort. Decreasing 
reef fish landings might conversely be 
attributed in part to low relative de- 
mand for certain reef fishes, because 
of their distinctive flavor and odor of 
marine algae. Although local residents 
and native Hawaiians enjoy these dis- 
tinctive tastes, tourists and foreign mar- 
kets do not appreciate them. 

The present summary, like those be- 
fore it, encompasses a great deal of 
complexity which merits a more in- 


23R. Shomura. 1987. Hawaii’s marine fishery 
resources: Yesterday (1900) and today (1986). 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Sci. Cent. Admin. Rep. 
H-87-21, 14 p. 


depth examination. As such, this re- 
view is considered to be a contribution 
to the understanding of trends in Ha- 
waiian fisheries, indicating that assess- 
ment and management should be 
examined on a regional basis. While 
total landings for the state may have 
decreased since the early 1900's, re- 
gional evaluations show a wide range 
of variation. Some inshore fisheries 
show short-term improvements, al- 
though increased reporting may con- 
tribute to this apparent trend. The most 
disturbing trend is towards steadily in- 
creasing fishing effort in inshore eco- 
systems that are already heavily 
exploited. Most fisheries managers 
agree that fishing pressure should be 
reduced or limited in some areas in 
Hawaii; but answers to questions such 
as where, how much, and in what man- 
ner are still being sought. 


Ongoing Research 


A project presently in progress, the 
Main Hawaiian Islands Marine Re- 
sources Investigation (MHI-MRI), is 
beginning to consolidate information 
on inshore fisheries and evaluate abun- 
dance, CPUE, and life history data for 
key species and areas. This project of 
the DAR is being conducted in col- 
laboration with other fisheries man- 
agement and marine research agencies 
statewide. Participants include the Uni- 
versity of Hawaii Sea Grant College 
Program, Marine Option Program, Ha- 
waii Institute of Marine Biology, and 
Hawaii Institute of Geophysics; the 
NMFS Southwest Fisheries Science 
Center, Honolulu Lab; the Oceanic In- 
stitute; the Western Pacific Regional 
Fisheries Management Council; and the 
USFWS Hawaii Cooperative Fisheries 
Research Unit. The project also coop- 
erates with the International Center for 
Living Aquatic Resources Management 
(ICLARM) in the context of FISH- 
BASE, a worldwide computerized da- 
tabase of biological information on 
fishes (Pauly and Froese, 1991), to ob- 
tain jointly a complete coverage of the 
fishes of the Central Pacific. 

MHI-MRI will reevaluate the man- 
agement of inshore fisheries through- 
out the MHI, and produce long-term 
recommendations to improve resource 





abundance and ensure sustainable fish- 
eries. Research in progress seeks to 
define the principal causes of the de- 
clining abundance of some inshore spe- 
cies and to identify mitigative measures 
to offset negative impacts as needed. 
Overfishing, increased erosion and 
sedimentation, and both alterations and 
pollution of inshore habitats are among 
factors under investigation. Early indi- 
cations are that limitation of fishing 
pressure, localized stock enhancement, 
and protection of inshore nursery ar- 
eas from further human impacts could 
all contribute to recovery of inshore 
fish populations in Hawaii. 


Regulatory Measures 


Existing regulatory measures for 
Hawaiian inshore fisheries include bag 
limits, seasonal closures, and minimum 
size restrictions for capture and sale. 
Gear restrictions inside harbors allow 
pole-and-line fishing using only one 
pole with two hooks per fisherman. 
Crab netting in these areas must be 
limited to ten (small circular) nets per 
fisherman. Fishing regulations are sum- 
marized for the public in a brochure, 
updated annually by the DAR (DAR”‘). 
In addition to these regulations, there 
are specific gear restrictions in areas 
designated as Fishery Management 
Areas (FMA’s) and MLCD’s. 

FMA’s are established in areas 
where fishing or resource use competi- 
tion is a problem and generally involve 
restriction of fishing gears or uses. Ex- 
amples include the Waikiki-Diamond 
Head Shoreline FMA (Oahu) and Hilo 
Harbor FMA (Hawaii), where net fish- 
ing is restricted. The Waikiki-Diamond 
Head FMA rules rotate gear restric- 
tions annually. Pole-and-line, thrownet 
or handnet fishing, and daytime spear- 
ing are allowed during even numbered 
years. No fishing is allowed in odd 
numbered years. Hilo Harbor FMA is 
regulated differently, tailored to the 
needs of local fishermen. In addition 
to bag limits, no gill, surround, or cross 
netting is allowed at any time within 
the Hilo breakwall, but all types of 


*4Div. Aquatic Resources, State of Hawaii. 
1991. Hawaii fishing regulations. Div. Aquatic 
Res., Dep. Land and Natl. Res. brochure, 43 p. 
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fishing are permitted year-round out- 
side this area. Measures that regulate 
fishing pressure, while maintaining 
fishing opportunities for a variety of 
users, are more widely accepted in lo- 
cal communities. The benefits of these 
measures are demonstrated by an al- 
most immediate increase in resource 
abundance, as indicated by increases 
in estimated biomass, in average and 
maximum size of fish captured, and in 
CPUE (Yamamoto!®; Kahiapo and 
Smith?). 

Molokini Crater, southwest of Maui, 
is a State-regulated MLCD. Only troll- 
ing is presently allowed in this par- 
tially submerged crater, which is a 
popular tour site for divers; but mea- 
sures are being considered to restrict 
trolling as well. Other MLCD’s and 
FMA’s dot the coasts of the MHI 
(DAR?>; Oishi*). Regulations are site 
specific, but generally, where fishing 
is allowed, it is restricted to pole-and- 
line, hand methods, and throw netting. 

As seen under fishing methods, gears 
such as longlines, gill nets and sur- 
round nets are responsible for a large 
volume of landings in relation to the 
number of trips and fishermen. This is 
fine as long as the resource is not over 
harvested. These fleets are small and 
in some cases, such as for longline 
fishing, limited entry schemes are be- 
ing developed to conserve resources 
for future generations. Other fisheries, 
such as surround netting, are presently 
limited by social constraints worked 
out through “gentlemen’s agreements” 
between fishermen. As fishing pres- 
sure increases because of immigration 
and population growth, the need to for- 
malize these agreements becomes in- 
creasingly important. 

Ancient Hawaiians practiced sea- 
sonal closure of certain areas to fish- 
ing. Traditional systems provided for 
seasonal, species, and area-specific har- 
vesting. The practices of sharing the 
catch, leaving certain species to roy- 
alty, and never taking more than was 
needed contributed to the balance be- 
tween fishing and conservation in early 


Div. Aquatic Resources, State of Hawaii. 
1991. Marine life conservation districts. Div. 
Aquatic Res., Dep. Land and Natl. Res. bro- 
chure, 30 p. 


times (Titcomb, 1952; Johannes, 1978). 
The loss of the traditional Hawaiian 
fishery management system and the 
failure to replace it with something 
comparable when Hawaii became part 
of the United States (Jordan and 
Evermann, 1905; Titcomb, 1952; 
Johannes, 1978; DAR!®; Smith and Pai, 
1992) are impacts from which near- 
shore living resources may take a long 
time to recover. A “kapuku” plan pro- 
posed in the late 1970’s (HMR2°) was 
one of the first attempts to restore a sys- 
tem of rotating area closures; however, 
agreement could not be reached on the 
specific areas to be closed. Present regu- 
lations, with rotating FMA’s and 
MLCD’s parallel this type of system on a 
small scale, but it is apparent that more 
protection of inshore resources is needed. 

Because the jurisdiction of fisheries 
regulatory agencies in Hawaii is deter- 
mined by geographic boundaries which 
do not coincide with the boundaries of 
migratory organisms that make up its 
fisheries, collaboration and coopera- 
tion between these agencies is critical 
to successful management. Environ- 
mental protection is another increas- 
ing concern that has demonstrated 
value to the conservation of inshore 
fisheries resources. Collaboration is 
being developed, and economic, sci- 
entific, and enforcement resources 
pooled, in order to manage the re- 
sources more effectively. It is clear 
from the long hours dedicated by the 
public to meetings designed to guide 
management efforts that residents are 
concerned about maintaining their rich 
and diverse natural heritage. The im- 
proved management of inshore fisher- 
ies and fishery habitats is an issue 
which must be resolved before the end 
of the present decade, and Hawaii’s 
residents and resource managers are 
rising to meet the challenge. 
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Precious Coral Fisheries of Hawaii and the U.S. Pacific Islands 


Introduction 


Precious corals have been used by 
humans for the fabrication of coral jew- 
elry since antiquity (Grigg, 1989). 
Along with amber, precious coral may 
have also been used as a source of 
currency for trade by paleolithic man 
(Tescione, 1968). As a renewable re- 
source in the sea, precious corals are 
thought to be the slowest growing or- 
ganisms of any known fishery past or 
present. Pink and red coral fisheries 
exist in the Mediterranean Sea and the 
Pacific Ocean. Black corals are dis- 
tributed world-wide and small fisher- 
ies for black coral exist in all oceans. 
Hence, precious corals represent a 
unique and interesting case history of 
a fishery which is very old and quite 
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ABSTRACT — The precious coral fish- 
ery in Hawaii and the Western Pacific 
consists of one industry but two distinct 
and separate fisheries. The first is the har- 
vest of black coral by scuba divers from 
depths of 30-100 m. The second is a fish- 
ery for pink and gold coral at depths be- 
tween 400 and 1500 m and employs either 
a human-operated submersible that per- 
mits selective harvest or tangle net dredges 
which are nonselective. The modern his- 
tory of these fisheries date from 1958 until 
the present. in this paper the ecology, life 
history, and management of the dominant 
species that make up these fisheries are re- 
viewed. Research needs of the fisheries and 
the economic and future prospects of the 
precious coral industry are also described. 
At the present, the precious coral jewelry 
industry in Hawaii (all species) is valued at 
about $25 million at the retail level. 


50 


RICHARD W. GRIGG 


widespread and one which renews it- 
self very slowly. In this paper, these 
aspects of the fishery are considered 
but only as they relate to the modern 
history and management of precious 
coral fisheries in Hawaii and the West- 
ern Pacific during the past 35 years. 
Over this period in this area, two dif- 
ferent precious coral fisheries have 
been developed; one in relatively shal- 
low water between 30-100 m for sev- 
eral species of black coral, and the 
other, for pink, gold, and bamboo cor- 
als at depths of 400-1500 m. A brief 
history of both fisheries is presented 
including a description of their ecol- 
ogy and management of target species. 
Future research needs for both fisher- 
ies are described and future prospects 
of the precious coral industry are 
considered. 


Taxonomy 


Briefly, all species of precious coral 
in the Western Pacific belong to one of 
three Orders within the Class Anthozoa, 
Phylum Coelenterata. The pink and 
bamboo corals, Corallium spp. and 
Lepidisis olapa, are in the Order 
Gorgonacea. The Hawaiian gold coral, 
Gerardia sp., is in the Order Zoanthidae 
and the black corals, Antipathes 
dichotoma, A. grandis, A. ulex, and 
Cirrhipathes anguina, are all in the 
Order Antipathidae. Gorgonians are 
octocorals while the Hawaiian gold and 
black corals are hexocorals. 


History of the Precious Coral 
Fishery in Hawaii and the 
Western Pacific 


Commercial beds of black coral were 
discovered in Hawaii in 1958 by Jack 
Ackerman and Larry Windley (Stewart, 
1962a; Grigg, 1965). This discovery 
was located 4.8 km due west of La- 


haina, Maui, at a depth of 30-75 m 
along a drop-off known as “stone wall” 
on the Lahaina Roads Reef. What 
Ackerman and Windley had discov- 
ered were populations of two species 
of exceedingly large black corals, 
Antipathes dichotoma and Antipathes 
grandis (Fig. 1). Subsequent research 
has shown that 12 additional species 
exist in Hawaiian waters but most of 
these occur at depths below 100 m, 
and none are large enough or are of 
sufficient quality to be of commerical 
value for coral jewelry (Grigg and 
Opresko, 1977). 

The discovery of black coral in Ha- 
waii in 1958 led to the establishment 
of a small cottage industry that pro- 
duced curios and black coral jewelry 
in Lahaina, Maui (Stewart, 1962b). In 
1960, John Stewart and Jack Ackerman 
started a company known as Maui 
Divers. Over the next ten years, Maui 
Divers grew steadily under the direc- 
tion of Clifford Slater, and was joined 
by about a dozen other small compa- 
nies. By 1969 the industry collectively 
was producing about $2 million gross 
retail sales; part of these sales included 
imports of pink coral jewelry from Tai- 
wan and Japan. 

In 1965, Japanese coral fishermen 
discovered a huge bed of commercial 
pink coral at about 400-m depth on the 
Milwaukee Banks in the Emperor Sea- 
mount Chain north of Midway Island 
near the northwesternmost end of the 
Hawaiian Archipelago. In terms of sig- 
nificance to the United States, only 
about 10% of the entire area (the so- 
called Midway Grounds) exist within 
the U.S. economic zone (EEZ). Never- 
theless, as a result of this discovery, 
interest in precious coral resources dra- 
matically increased in Hawaii. This 
stimulated new exploration in the high 
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Figure 1.—Jack Ackerman and Larry Windley display a large colony of Antipathes dichotoma collected from a depth of 65 m off 
Lahaina, Maui. The colony is dead and encrusted with numerous sponges and other invertebrates. Even so, the skeleton is still of 
commercial quality for the manufacture of coral jewelry. 
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Hawaiian Islands and in 1966, Vernon 
Brock and Ted Chamberlain of the 
University of Hawaii discovered a 
small bed of pink coral Corallium 
secundum, near 400 m depth off Maka- 
puu, Oahu (Fig. 2). In the following 
three years, a small group of fishermen 
dredged the Makapuu Bed for pink 
coral on a small scale using tangle nets 
(Fig. 3). 

In 1970 a long-term research pro- 
gram on precious corals began at the 
University of Hawaii and this led to 
the development of a selective harvest- 
ing system utilizing a manned submers- 
ible (Grigg et al., 1973; Figure 4). In 
1973, Maui Divers of Hawaii incorpo- 
rated this system and began a 
commerical operation of selective har- 
vest for pink, gold, and bamboo coral 
which lasted until 1978. The gold coral 
(Gerardia sp.) and bamboo coral 
(Lepidisis olapa) (Muzik, 1978) co- 
exist within the same depth zone and 


habitat with Corallium secundum. The 
Maui Divers operation lasted 6 years 
but was discontinued in 1978 because 
of high operating costs. The annual 
harvest of pink and gold coral from the 
Makapuu Bed during this period is 
given in Table 1. Since this time, the 
industry in Hawaii has relied on stock- 
piles of gold coral and exports of pink 
and red corals (Corallium spp.) mostly 
from Taiwan and Japan. The only other 
attempt to harvest pink corals domes- 
tically within the Western Pacific EEZ 
was in 1988, when crew members of 
the vessel Kilauea used nonselective 
tangle nets at Hancock Seamount. Their 
catch was only 450 kg of Corallium 
secundum and most of the colonies har- 
vested were dead and of low quality. 
Because Hawaii’s precious coral in- 
dustry continues to be dependent on 
sources of raw material outside the US 
EEZ, it is important to analyze trends 
in the supply of Corallium spp. Pa- 


cific-wide. From the time of the major 
discovery of Corallium secundum on 
the Milwaukee Banks in 1965 to the 
present, the annual supply of both pink 
and red corals has been extremely er- 
ratic. The harvest of shallow water 
Corallium by Japanese and Taiwanese 
coral fishermen first peaked in 1969 
when production Pacific-wide reached 
150 metric tons. Following this boom 
year, production fell precipitously and 
remained low for the next five years 


Table 1.—Annual harvest of pink and gold coral from 
the Makapuu Bed (kg). 





Corallium 


Year Gear secundum Gerardia sp. 





1966-69 
1970-72 
1973 
1974 
1975 
1976 
1977 
1978 
(Jan—June) 
1979-92 


Dredge 1800 0 
No harvest 0 0 
Submersible 538 0 
Submersible 2209 
Submersible 1385 621 
Submersible 400 
Submersible 1421 


Submersible 474 
no harvest 0 





Figure 2.—Corallium secundum (center) at a depth of 390 m in the Makapuu coral bed. The substratum consists of a hard fossilized limestone. 
It is swept by strong bottom currents which prevent the buildup of sediments. The measuring rod is marked at 10 cm intervals. 
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Figure 3.—A = Coral tangle dredges consisting of stones with attached netting. 


(Grigg, 1984). Accurate statistics for By 1991, production Pacific-wide were at unprecedented highs. Accord- 
these years are not available. Then in — stood at an all time low of 2,930 kg ing to the American Institute in Tai- 
1978, a deep-water undescribed spe- (Table 2) and prices of raw material wan, coral production in Taiwan fell to 
cies of Corallium (sp. nov.) was dis- 


covered by a Japanese fishermen at Table 2.—Total foreign yield (kg) of precious coral (Corallium spp.) in the Pacific during the years 
depths between 900 and 1500 monthe 1979-91. 


Emperor Seamounts. While the color Japan 


. : Ce . : . Taiwan 
of this species 1S spotty (sometimes Midway Ciseiar Prepon 
called Scotch ), vari ng between pink Year grounds Pacific Submersible combined) Total 


and white, it was extremely abundant, 1979 76,988 14,516 0 123,000 214,504! 
and like the 1965 discovery, it pro- 1980 74,228 10,227 0 154,000 238,455! 
“ 2. 56 1981 30,484 5,381 775 254,000 290,640 

duced a “coral rush.” In the peak year 1982 52,166 3,000 551 69,200 123,9172 
ee sen Slee Soe Sam 1984 33.164 3.315 634 187.000 «YOR 1N3? 
Japan and Taiwan fished the Midway 1985 9,322 2,366 816 214,000° 26,5042 
Grounds and production neared almost pon = po = prem pte 
300 metric tons (t) Pacific-wide (Table 1988 217 1,605 1,082 50,0005 52,0942 
4 4 Ss 3s as ee 1989 1,961 1,057 938 5,400 9,156 

2). Unfortunately, this intensive fish- ian (2.1724) pon 3172 
ing effort led to a gradual depletion of 1991 ) (1,3904) ~1,0008 ~2,930 


the resource, illustrating the well es- + Grigg, 1984. 


tablished pattern for all precious coral * All Japan Coral Fishing Association. 
. ‘ 5 ‘ ox: 3 Coordination Council for North American Affairs, Taipei, Taiwan, D. K. P. Liu. 
fisheries: exploration ’ discovery >  *D.M. Ancona, Embassy of the United States, Tokyo, Japan. Western Pacific and submersible catch combined. 
j j ; j 5 Taiwan Fisheries Bureau, Sing-Hwa Hu. Personal commun. 1989. Taipei. 
exploitation, and depletion (Grigg, § Personal Communication, Vanila Lin, Taipei, Taiwan. 1990. 
1989). 7 American Institute in Taiwan, M. J. Matthews. Personal commun. 1992 Taipei. 
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Figure 3.—B = Japanese coral fishing boat showing line haulers, tangle net dredges, and rollers on side of vessel. 


1 t in 1990 but exports drawn from 
previous year stockpiles were 63 t of 
coral products. As stockpiles of the 
resource are gradually reduced world- 
wide, new production will depend on 
the discovery of new precious coral 
beds. This boom and bust cycle of har- 
vest and supply dramatically illustrates 
the need for management of the fish- 
ery. Management has been hampered 
by the multinational character of the 
fishery and because many precious 
coral beds exist in international waters. 
In contrast to the pink and red coral 
fishery in the Pacific, the black coral 
fishery in Hawaii is relatively stable. 
While demand has fluctuated consid- 
erably over the years since its discov- 
ery in 1958, the supply of black coral 
has never failed to meet demand. In 
the early years of the industry during 
the 1960’s and early 70’s, as much as 
10,000 kg were harvested annually 
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from the black coral beds off Maui and 
Kauai. During the late 70’s and early 
80’s the demand for black coral was 
greatly reduced, being replaced by a 
higher consumer interest in pink and 
gold coral. However, since about 1986, 
demand for black coral has been 
steadily increasing. Consumption by 
one company, Maui Divers of Hawaii, 
Ltd., illustrates this trend (Table 3). 


Table 3.—C ti 


p 


of t 
Maui Divers of Hawaii, Ltd., 1982-92. 





black coral by 





Year Weight (all species combined), kg 





1982 78 
1983 70 
1984 257 
1985 278 
1986 463 
1987 934 
1988 432 
1989 824 
1990 1295 
1991 1740 
1992 (Jan—July) 1238 





Production by Maui Divers of Ha- 
wali accounts for more than 50% of all 
locally produced black coral jewelry 
in the State of Hawaii. Today, consid- 
erably less black coral is used for fab- 
rication than during the 60’s and 70’s 
because the jewelry items produced are 
smaller and of higher quality and be- 
cause modern cutting procedures are 
much more efficient than in the past. 
In November of 1987, black coral was 
named the State “Gem” and this has in- 
creased consumer interest considerably. 

Over the years, the stability of the 
industry has been aided by the avail- 
ability of inexpensive black coral from 
the Philippines and Tonga (Harper, 
1988). These sources have filled the 
demand for low quality but high vol- 
ume jewelry products. Also black coral 
resources in Hawaii have been well 
managed by local fishermen who vol- 
untarily do not harvest colonies below 
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Figure 4.—As the Maui Divers Star I] submersible approaches the surface, a subtender using scuba collects gold coral, Gerardia sp., 
from the basket. 
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48 inches (1.2 m) in height. This size 
limit has been adopted by the Western 
Pacific Regional Fisheries Manage- 
ment Council and has been recom- 
mended to the State of Hawaii and is 
based on the growth rate and repro- 
ductive pattern of Antipathes dicho- 
toma and calculations of maximum 
sustained yield (Grigg, 1976). 

Overall, the precious coral industry 
in Hawaii has steadily grown over the 
past 34 years since its inception. At the 
retail level today, the precious coral 
industry is valued at about $25 million 
and consists of about 100 retailers. 

A small but stable black coral fishery 
in Hawaii continues to thrive while the 
fishery Pacific-wide for Corallium spp. 
has drastically declined owing to deple- 
tion of the resource. Present demand for 
Corallium is being met largely by the 
utilization of stockpiles. The future of 
the Corallium fishery will depend on the 
discovery of new beds of commercial 
grade species of pink and red coral. 


Ecology of precious corals 


The ecology and patterns of life his- 
tory of various species of precious cor- 
als have been reviewed by Grigg (1974, 
1976, 1984, 1989). In general, most 
species of precious corals are slow grow- 
ing, have low rates of recruitment and 
mortality, and consequently are relatively 
long lived. The oldest colonies of 
Corallium secundum in the Makapuu Bed 
off Oahu probably reach an age of 75 
years, and the largest colonies of Anti- 
pathes dichotoma and A. grandis may 
even be older. Populations of both 
Corallium secundum and both black coral 
species appear to be recruitment limited 
(Grigg, 1988). In favorable environments 
for Corallium secundum and A. 
dichotoma in Hawaii, populations are 
relatively stable suggesting that recruit- 
ment and mortality are approximately in 
steady state. However, in suboptimal en- 
vironments, the age frequency distribu- 
tions of both species are very uneven or 
truncated probably owing to episodic 
mortality events (personal observation). 

Mortality is most often the result of 
smothering by sediments and by bio- 
erosion of the substrata which leads to 
toppling of colonies. Fragmentation 
and reattachment (asexual reproduc- 
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tion) appears to rarely occur. Most spe- 
cies of precious coral are uni-sexual or 
dioecious, i.e. the sexes are separate. 
The age of reproductive maturity of 
Corallium secundum and A. dichotoma 
is similar, occurring about age 12-13 
which is about one-sixth the longevity 
of the oldest colonies. Fertilization of 
Hawaiian precious corals appears to 
take place externally within the water 
column. The duration of the larval stage 
is unknown for most species of pre- 
cious coral, but studies of one species, 
Corallium rubrum, in the Mediterra- 
nean Sea suggest that larvae of this 
species remain competent for several 
weeks (Vighi, 1970). In general, settle- 
ment is most successful on clean swept 
surfaces exposed to strong bottom cur- 
rents. The larvae of both species of 
Antipathes in Hawaii are known to be 
negatively phototactic which explains 
why they are not found at shallow 
depths (< 30 m) and are most abundant 
beneath overhangs and on other dimly 
lit surfaces (Grigg, 1965). 

The ecological requirements of all 
species of precious coral in the west- 
ern Pacific can be briefly summarized 
as follows. All species require a firm 
(rocky) substratum free of sediment 
and most thrive in areas swept by mod- 
erate to strong currents. All species 
lack symbiotic algae in their tissues 
(ahermatypic) and most are found in 
deep water below the euphotic zone 
(Table 4). All species are filter feeders 
and many are fan-shaped, a growth 
form which maximizes contact of feed- 
ing surfaces with particles or mi- 
croplankton entrained in the water 
column. Light and temperature appear 
to influence larvae more than adults. 
The lower depth limit of A. dichotoma 
and A. grandis coincides with the top 
of the thermocline in the high Hawai- 
ian islands. Larvae may avoid settling 
deeper where lower temperature may 
prevent reproduction (Grigg, 1977, 
1984). Species of Corallium exist be- 
low the euphotic zone at depths 
between 350 and 1,500 m where tem- 
perature varies between 14° and 3°C. 


Resource management 


The life history attributes of all spe- 
cies of precious corals in the western 


Pacific make these living resources 
highly vulnerable to over-exploitation 
in unmanaged fisheries. This is because 
many year Classes are exposed to har- 
vesting at the same time. Virtually de- 
cades of accumulated standing stock 
can be collected during short intensive 
periods of fishing. Indeed, the histori- 
cal pattern of the fishery worldwide is 
one of discovery, exploitation and 
depletion. 

Historically, species of Corallium 
have been harvested non-selectively 
using various types of dredges. In the 
Meditteranean Sea a heavy wooden 
cross outfitted with tangle netting (The 
Cross of Saint Andrew) is dragged 
across the bottom where corals are bro- 
ken and entangled in the mesh. Japa- 
nese and Taiwanese fishermen also use 
tangle gear although theirs is simpler 
in design, consisting of either stones or 
iron bars with attached netting (Fig. 3). 
Since the inception of SCUBA, shal- 
low water colonies in the Medit- 
teranean Sea (up to 110 m in depth) 
have been harvested selectively by 
divers. In Hawaii the black coral fish- 
ery also employs SCUBA divers who 
selectively harvest colonies with axes, 
hammers, and saws (Fig. 4). The first 
selective harvest of Corallium in which a 
submersible was used by Maui Divers of 
Hawaii in 1973. This was accomplished 
with the use of a sophisticated cutter, 
claw, and basket assembly that was at- 
tached to the submersible (Fig. 5, Grigg 
et al., 1973). Since 1983 an unmanned 
submersible (robot) has been used in Ja- 
pan to harvest selective species of pre- 
cious coral in traditional seas (Table 2). 

Precious coral resources in Hawaii 
and the Western Pacific fall under the 


Table 4.—Depth of all 
coral in the western Pacific. 





pecies of precious 





Species and common name Depth range (m) 





Corallium secundum, 


Angle skin coral 350 -475 


Corallium sp. nov., 
Midway deepsea coral 1000-1500 
300-400 
350-400 

30-100 
45-100 
40-100 


20-60 


Gerardia sp., Hawaiian gold coral 
Lepidisis olapa, bamboo coral 
Antipathes dichotoma, black coral 
Antipathes grandis, pine black coral 
Antipathes ulex, fern black coral 
Antipathes anguina, wire black coral 
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Figure 5.—A black coral diver in Hawaii approaches a small colony of Antipathes dichotoma at a depth of 50 m off Lahaina, Maui. 
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management authority of the State of 
Hawaii and the U.S. Federal govern- 
ment. The State has clear jurisdiction 
over resources out to three miles but 
also claims authority over inter-island 
waters. Hence the State has declared 
jurisdiction over the Makapuu Coral 
Bed situated 9 km (6 miles) off 
Makapuu in the channel between Oahu 
and Molokai. Federal jurisdiction ex- 
tends from 3 miles outside the State of 
Hawaii, Guam, and American Samoa 
to 200 miles, and from the shoreline of 
all U.S. possessions in the Western 
Pacific (Johnson Atoll, Kingman Reef, 
and Palmyra, Wake, Jarvis, Howland 
and Baker islands) to 200 miles. This 
area is defined as the U.S. Exclusive 
Economic Zone (EEZ). 

Presently black corals in Hawaiian 
waters are managed by the State of 
Hawaii. Fishermen are required to have 
commercial fishing licenses and report 
their catch monthly to the Hawaii Di- 
vision of Aquatic Resources. A state 
regulation has been drafted which sets 
a minimum size of 48 inches in colony 
height and 3/4" in basal diameter for 


the harvest of A. dichotoma and A. 
grandis. At the present time, black coral 
divers in Hawaii comply voluntarily 
with this draft regulation. 

Precious coral resources within the 
U.S. EEZ (Fig. 6) are managed by the 
Western Pacific Regional Fishery Man- 
agement Council (WESTPAC), under 
a Fishery Management Plan (FMP) for 
precious coral (Dep. of Commerce, 
1980). The FMP, finalized in Septem- 
ber 1983, allows for domestic and for- 
eign fishing by regular or experimental 
permits and requires logbooks of the 
permittees. Specific regulations con- 
tained in the FMP are as follows: 

The FMP and regulations outline and 
classify the known beds of precious 
corals within the Western Pacific Re- 
gion, and designate harvesting method 
and the amount of corals that can be 
harvested. There are four bed classifi- 
cations: 1) Established Beds, 2) Con- 
ditional Beds, 3) Refugia Beds, and 4) 
Exploratory Permit Areas. Established 
beds are ones with a history of harvest, 
and optimum yields have been estab- 
lished on the basis of biological stock 


assessment techniques, and selective 
harvesting gear (submersibles or re- 
mote control harvester vehicles) is re- 
quired. Makapu’u is the only desig- 
nated Established Bed. Conditional 
beds are ones for which yields have 
been estimated on the basis of bed size 
relative to established beds with the 
assumption that ecological conditions 
at established beds are representative 
of conditions at all other beds. Four 
beds are designated as conditional beds: 
Kea-hole Point, Kaena Point, Brooks 
Banks, and 180 Fathom Bank. Nonse- 
lective harvesting is permitted only in 
the two conditional beds in the North- 
west Hawaiian Islands (Brooks and the 
180 Fathom Banks). A refugia bed is 
one set aside to serve as a baseline 
study area and possibly reproductive 
reserve. No harvesting of any kind is 
permitted in Refugia. Presently, the 
WESTPAC bed, between Nihoa and 
Necker Islands, is the only designated 
Refugia. Exploratory permit areas are 
unexplored portions of the EEZ in 
which coral beds are almost certain to 
exist, but no beds have yet been lo- 
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Figure 6.—-Map of the EEZ in the southern half of the Hawaiian Archipelago showing the location of five precious coral beds. 
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Figure 7.—The Beverton and Holt yield-per-recruit model 
was used to estimate MSY (vertical arrows) for Corallium 
secundum in the Makapuu coral bed at 3 different values 
of natural mortality. Dashed lines indicate yield curves 
produced by applying a fishing mortality of 0.06 at four 


different ages. 


cated. There are four exploratory per- 
mit areas; one surrounding the Hawai- 
ian Islands, another that encompasses 
Guam and the Commonwealth of the 
Northern Marianas, a third that en- 
circles American Samoa, and a fourth, 
which was created by Amendment | to 
the FMP, which includes the EEZ’s of 
all the remaining U.S. Pacific Island 
possessions. Either selective or nonse- 
lective harvest gear is permitted in ex- 
ploratory permit areas except in the 
Hawaii exploratory area around the 
Main Hawaiian Islands. 

Specific weight quotas and size lim- 
its have been determined based on es- 
timates of maximum sustainable yields 
and optimum yields. For example, the 
established bed at Makapu’u has a 2- 
year harvest quota for selective gear 
only: 2,000 kg for C. secundum, 600 
kg for Gerardia sp. and 500 kg for L. 
olapa. Only colonies of C. secundum 
taller than 10 inches can be harvested. 
Quotas of 1,000 kg of all species of 
precious coral combined, exist for each 
of the EEZ exploratory areas. Foreign 
fishing is allowed in exploratory areas, 
if the quotas are not taken by domestic 
fishermen. Maximum sustainable 
yields were calculated by using the 
Beverton and Holt cohort production 
model (Beverton and Holt, 1957) for 
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Corallium secundum (Fig. 2, 7) and 
the Gulland Model (MSY = 0.4 M Bo) 
where m = natural mortality and Bo is 
the virgin biomass, for Gerardia and 
Lepidisis. 

Having described the management 
measures established to conserve pre- 
cious coral resources in Hawaii and 
the Western Pacific, it is important to 
evaluate their effectiveness over the 
history of the fishery. For pink corals, 
management efforts have been success- 
ful for the domestic fishery; however, 
poaching by foreign fishing has fre- 
quently occurred within the U.S. EEZ 
and is difficult to control. 

Considering the domestic coral fish- 
eries first, the cumulative harvest of 
Corallium from the Makapu’u bed be- 
tween 1966 and 1978 was about 32% 
of the standing stock. The average an- 
nual harvest was 685 kg, somewhat 
less than the best estimate of MSY, 
near 1,000 kg. Surveys of the Makapu’u 
bed in 1983 and again in 1985 showed 
substantial recovery at rates in close 
agreement with model predictions in 
the FMP (Grigg, 1988). For black coral, 
the combined MSY for beds off Maui 
and Kauai is 6,250 kg/yr (Grigg, 1976). 
Harvest levels of black coral above 
MSY occurred only in the earliest years 
of the fishery (Table 3) and supply has 


always been unable to meet demand. Only 
the most accessible black coral beds off 
Lahaina, Maui, have been depleted. 

Foreign poaching has been a serious 
problem in the past. During the 1980's, 
Japanese and Taiwanese coral vessels 
continuously violated the EEZ near the 
Hancock Seamounts. In 1985, about 
20 Taiwanese coral draggers report- 
edly poached about 100 tons of 
Corallium from seamounts within the 
EEZ north of Gardner Pinnacles and 
Laysan Island. Absence of poaching 
since that time could indicate that the 
resources in these areas have been eco- 
nomically exhausted. A research pro- 
gram is currently planned to resurvey 
the Hancock Seamounts in 1994 with 
the University of Hawaii research sub- 
mersible Pisces V, in order to assess 
the present condition of precious coral 
resources in this area. 


Research Needs and 
Future Prospects 


The most pressing need of the pre- 
cious coral fishery (and industry) is 
stock assessment; first in order to de- 
scribe the status of the stocks within 
established grounds, and second, to dis- 
cover new areas. Without substantial 
efforts to explore and discover new 
grounds, the precious coral fishery will 
undoubtedly continue to decline. The 
problem will become increasingly more 
serious as existing stockpiles accumu- 
lated during the early 1980's are gradu- 
ally exhausted. 

The most promising exploratory ar- 
eas appear to be in southern oceans. 
Channel waters around Madagascar 
and Tasmania (Grigg and Brown, 1991) 
are particularly promising areas and 
scattered occurrences of large colonies 
of Corallium spp. have been reported 
(exact locations are well guarded se- 
crets). Considerable exploration has 
been conducted in the tropical Pacific 
by CCOP-SOPAC (Committee for Co- 
ordination of Joint Prospecting for Min- 
eral Resources in South Pacific 
Offshore Areas), and Corallium spp. 
have been recorded from many locali- 
ties (Cook Islands, Fiji, Kiribati, 
Solomon Islands, Tonga, Vanuatu, and 
W. Samoa), but unfortunately not in 
commercial quality or abundance 
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(Harper, 1988). Most exploratory 
dredging by CCOP-SOPAC, however, 
has been at depths between 200 and 
500 m, and virtually nothing is known 
about the potential of deeper water re- 
sources (such as Corallium sp. nov. 
which occurs at a 1 ,000—1,500 m depth 
by the Emperor Seamounts). 

Another important research question 
concerns recovery rates (recruitment 
and growth) in areas which have been 
heavily harvested. A proposal to assess 
the stocks on the Hancock Seamounts 
using the Pisces V submersible has been 
accepted by the Hawaii Undersea Re- 
search Laboratory at the University of 
Hawaii and is presently scheduled for 
the summer of 1995. The whole area of 
population dynamics of precious corals 
is in need of further research. 

The mariculture of precious corals 
is an exciting new area of research. A 
new laboratory for the biological, eco- 
nomic, and technical research of pre- 
cious corals has recently been 
established in Kochi, Japan, in order to 
attempt the culture of precious coral 
(Sadao Kosuge, Director of the Insti- 
tute of Malacology, Tokyo. Personal 
commun. 1992). To date, colonies of 
Corallium japonicum have been main- 
tained alive in culture for over one 
year but growth rates are very slow 
and colonies have not been induced to 
reproduce. However, the research is 
still in a very early stage. 

While a complete analysis of the 
economics of the precious coral fish- 
ery is beyond the scope of this paper, it 
is important to mention that this is an- 
other area in need of future research. 
The worldwide glut of Corallium pre- 
cious coral produced during the boom 
years of the early 1980’s caused prices 
to fall sometimes even below break- 
even costs for Taiwanese and Japanese 
coral fishermen and many vessels 
dropped out of the fishery during this 
time. The future supply of Corallium 
to the Hawaiian industry will probably 


continue to depend on exports from 
these countries; therefore, what hap- 
pens to the Japanese and Taiwanese 
fleet is important. Exploration is very 
expensive and there appears to be little 
Japanese or Taiwanese interest in wide 
ranging fishing expeditions at the 
present time. For this reason, the fu- 
ture of the industry can only be de- 
scribed at this juncture as uncertain. 
Prices will undoubtedly continue to 
climb. The raw material for Midway 
deep-sea coral is still (1990) reason- 
able at about $150/kg but prices for 
high quality pink and red Corallium 
peaked in 1990 at $3,069/kg and 
$16,103/kg, respectively (D. Ancona, 
U.S. Embassy, Tokyo. Personal com- 
mun. 1991). The future of the industry 
would appear to depend on either suc- 
cessful future exploration or a break- 
through in the mariculture of precious 
corals. 

As for the future of the black coral 
fishery, at least in Hawaii, it appears to 
be secure in terms of both supply and 
demand for the resource. The manage- 
ment of other species of precious coral 
in Hawaii and the Western Pacific will 
continue to be covered by the existing 
FMP of WESTPAC. Regarding the 
control of foreign fishing in interna- 
tional waters, it is in the best interest 
of the United States, Japan, and Tai- 
wan to enter into an international treaty 
for the purpose of conservation of pre- 
cious corals. However, before this can 
be achieved, an impetus for such imple- 
mentation must be initiated by one or 
all three countries. Based on the prin- 
ciple of common heritage embodied in 
the International Law of Sea (LOS) 
convention, and on articles of the LOS 
Treaty which urge agreements between 
member countries on measures to con- 
serve living resources within and be- 
yond EEZ’s, the Western Pacific 
Fishery Council has requested that the 
U.S. State Department enter into mul- 
tilateral arrangements with Japan and 


Taiwan for jointly managing the pre- 
cious coral fisheries in the Pacific. 
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The Development and Decline of Hawaii’s Skipjack Tuna Fishery 


CHRISTOFER H. BOGGS and BERT S. KIKKAWA 


Introduction 


Historically, the pole-and-line, live- 
bait fishery for skipjack tuna, 
Katsuwonus pelamis, was the largest 
commercial fishery in Hawaii. Annual 
pole-and-line landings of skipjack tuna 
exceeded 2,500 metric tons (t) or 5.5 
million lb from 1937 to 1973 (June, 
1951; Yamashita, 1958; Uchida, 1976; 
Skillman, 1987; Kikkawa!'), except 
during World War II (1941-45). The 
record production of 7,400 t (16.3 mil- 
lion Ib) of all species landed in 1965 
by the pole-and-line fishery was un- 
surpassed until 1991, when the Hawaii 
longline fishery landed 8,000 t (all spe- 
cies combined). Even so, at its largest, 


' Bert S. Kikkawa. An update of the skipjack 
tuna, Katsuwonus pelamis, baitboat fishery in 
Hawaii, 1971-83. Honolulu Lab., Southwest 
Fish. Sci. Cent., NMFS, 2570 Dole St., Hono- 
lulu, HI 96822-2396, unpubl. manuscr. 





ABSTRACT—The pole-and-line fishery 
for skipjack tuna, Katsuwonus pelamis, was 
the largest commercial fishery in Hawaii 
until its decline in the 1970’s and 1980's. 
The development and decline of the fish- 
ery were strongly affected by fish avail- 
ability and marketing. A sustained drop in 
the availability of large fish in the mid- 
1970’s appears to have been due in part to 
a sustained environmental change. Avail- 
ability of large fish subsequently increased, 
but the fishery continued its decline owing 
to low profitability and lack of markets. 
The tuna cannery in Honolulu that fos- 
tered the fishery’s expansion in the 1930's 
closed in 1984. Unless efforts to increase 
the market for skipjack tuna become effec- 
tive, landings will probably remain at cur- 
rent levels of about 1,000 metric tons per 
year. The existing pole-and-line fleet may 
continue to decline with age, and the local 
market may eventually be supplied by other 
fishing methods (e.g., trolling), by new ves- 
sels, or by imports. 
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the Hawaii skipjack tuna catch was 
small compared with the total Pacific 
catch of this species (ca. 870,000 t in 
1990; IATTC, 1992; Hampton, In 
press). 

The Hawaii skipjack tuna fishery 
originally supplied only the local mar- 
ket for fresh and dried tuna. The fish- 
ery expanded in the 1900’s because 
the ready availability of skipjack tuna 
was sufficient to support a cannery 
which provided access to outside mar- 
kets. A sustained drop in the catch per 
unit effort (CPUE) of large (>6.8 kg, 
>15 lb) skipjack tuna began in 1974. 
The decrease in CPUE was related to 
environmental changes affecting local 
fish availability (Mendelssohn; Boggs, 
1988). Combined with increased fish- 
ing costs, market competition from 
other tuna products, and the 1984 clo- 
sure of the Hawaiian Tuna Packers, 
Ltd. cannery in Honolulu, these fac- 
tors caused a major decline in Hawaii’s 
skipjack tuna fishery during the late 
1970’s and 1980's (Boggs and Pooley, 
1987; Hudgins and Pooley, 1987). The 
fishery has not recovered. 

Expanding fisheries for skipjack tuna 
throughout the Pacific (Forsbergh, 
1980; IATTC, 1992; Hampton, In 
press) do not appear to have caused the 
decline in Hawaii’s fishery (Boggs and 
Pooley, 1987; Kearney, 1987; Sibert, 
1987), although further analyses may 
reveal negative impacts. Skipjack tuna 
are relatively impervious to overfish- 
ing (Boggs and Pooley, 1987; Hamp- 
ton, In press) due to widespread distri- 
bution and reproduction, rapid growth, 
early maturity (Matsumoto et al., 1984), 


2R. Mendelssohn. 1986. Environmental influ- 
ences on skipjack tuna availability. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-86—13C, 14 p. 


and frequent spawning (Hunter et al., 
1986). Unlike populations of larger 
tuna species (Miyabe, In press; Suzuki, 
In press) and marlins (Suzuki, 1989), 
skipjack tuna appear to be underexploited 
(Kleiber et al., 1983; Hampton, In 
press). The absence of regulation in 
Hawaii’s skipjack tuna fishery contrasts 
with the management of Hawaii’s fish- 
eries for other tunas and billfish (Boggs 
and Ito, 1993), and is justified by the 
apparent underexploitation of the stock 
and the declining size of the local fish- 
ery. 

This review describes the Hawaii 
skipjack tuna fishery, its development 
through the 1970’s, and subsequent 
decline. Research on factors contribut- 
ing to the decline are summarized and 
the fishery community’s attempts at 
revitalization are described. 


Description and 
Historical Development 


In Hawaii, skipjack tuna, commonly 
called by its Hawaiian name “aku,” is 
mostly caught by pole-and-line fishing 
(e.g., >99% through 1974, 72% in 
1990). This method uses live bait 
thrown from a fishing vessel to stimu- 
late a surface school into a feeding 
frenzy. Fishing is then conducted fran- 
tically to take advantage of the limited 
time the school remains near the boat. 
The pole and line are of equal length 
(ca. 3 m) and are used with a barbless 
hook with feather skirts which is 
slapped against the water until a fish 
strikes. Then the fish is yanked into 
the vessel in one motion. The fish un- 
hooks when the line is slacked so that 
the process can be repeated. 


The authors are with the Honolulu Laboratory, 
Southwest Fisheries Science Center, National 
Marine Fisheries Service, NOAA, 2570 Dole 
Street, Honolulu, HI 96822-2396. 





The bait most often used is the an- 
chovy Encrasicholina purpureas, com- 
monly called by its Hawaiian name 
“nehu.” Each fishing vessel seines for 
bait in bays, harbors, and other shel- 
tered waters, and the bait is not “hard- 
ened” for long-term transport or for 
use more than a few days after capture. 
The fishery is limited to areas close to 
the eight main Hawaiian Islands. Skip- 
jack tuna are located by searching for 
bird flocks associated with surface 
schools. Fishing trips seldom last 
longer than a day, and most vessels 
return to port each night. 

The basic pole-and-line method in 
use today was practiced in the 1800’s 
largely by native Hawaiians using ca- 
noes (June, 1951). In 1900 the fishery 
was relatively small, with total land- 
ings of 190 t (0.4 million Ib, Fig. 1) 
sold in the fresh market (Yamashita, 
1958). Around the turn of the century 
Japanese immigrants began introduc- 
ing small (ca. 6 m) shallow-draft 
wooden sampans with built-in bait 
wells, followed by motor powered ves- 
sels starting in 1907. In the 1930’s the 
vessels were redesigned to be larger, 
with deeper draft, flying bridges, pump- 
spray systems, and greater freeboard 
forward to give them better seaworthi- 
ness (June, 1951). Pump-spray systems 
agitate the water around the vessels 
during fishing. To the fish, the agitated 


water may resemble a school of bait 
and partly obscure the view of the boat 
and fishermen. 

The Hawaiian Tuna Packers, Ltd. 
cannery in Honolulu was established 
in 1917, enabling the fishery to expand 
beyond a relatively small fresh and 
dried market. The greatest annual 
amount sold in the fresh and dried mar- 
ket was 2,200 t (4.9 million Ib) in fis- 
cal year 1935 (i.e., July 1934—June 
1935, Yamashita, 1958). The market 
for canned product allowed the fishery 
to expand to a peak of 6,100 t (13.4 
million Ib) in 1940 (Fig. 1) followed 
by a hiatus during WWII. From 1937 
until the early 1980’s most of the skip- 
jack tuna landed in Hawaii was canned. 

Before WWII the fishery included 
up to 26 vessels (Hudgins and Pooley, 
1987) and landed an average of 5,000 t 
(2.3 million Ib) per year from 1937 to 
1940. Most vessels constructed before 
WWII averaged about 31 t displace- 
ment and had a bait-well capacity be- 
low 3,000 L (800 gallons, defined as 
Class I vessels). Larger sampans, av- 
eraging 58 t, were mostly built in the 
late 1940’s and 1950’s. These gener- 
ally had a bait-well capacity greater than 
3,000 L (defined as Class II vessels, 
Uchida, 1976; Kikkawa'). 

As new vessels were built, fleet size 
increased to a maximum of 32 vessels 
in 1948. The prewar landings record 
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Figure 1.— Total annual skipjack tuna landings in metric tons (t) and pounds (Ib) by the 
pole-and-line fishery in Hawaii, 1900-91. Sources: 1900-47 from Yamashita (1958); 
1948-70 from Uchida (1976); 1970-83 from Kikkawa!', 1984-85 from State of Hawaii 
Division of Aquatic Resources; 1986-87 from Pooley*, and 1988-91 from Ito?. 


was surpassed in 1954 (Fig. 1). During 
the 1950’s through the early 1970's 
the fleet landed an average of about 
4,000 t per year. Interannual variation 
in catch was large, but no significant 
long-term trend was apparent from 
1948 to 1970 (Uchida, 1976). 

Total catch levels remained high de- 
spite a decline in fleet size from 32 to 
15 vessels between 1948 and 1971 be- 
cause 1) fishing efficiency increased 
as the proportion of Class II vessels in 
the fleet increased, and 2) the number 
of days fished per boat increased 
(Uchida, 1976). As a result, total stan- 
dardized effort in the 1970’s averaged 
only slightly below that in the 1950’s 
(Uchida, 1976; Skillman, 1987; 
Kikkawa') (Fig. 2). 

From the 1970s to the present most 
of the active vessels have been the re- 
maining wooden-hulled sampans built 
in the 1940’s and 1950’s. These ves- 
sels carry crews of 7-9 fishermen, and 
frequently work 6 days a week. The 
work is arduous and may begin with 
bait seining at dawn followed by fish- 
ing to dusk. One new steel-hulled ves- 
sel with about twice the displacement 
(91 t) of the old wooden vessels en- 
tered the fishery in the 1970’s, but was 
not very successful. 


The Decline 


Since the mid-1970’s the trend in 
Hawaii skipjack tuna landings has been 
downward (Fig. 1), reflecting both a 
decline in fishing effort (Fig. 2) and 
CPUE (Fig. 3). Current (1990-91) an- 
nual landings average <1,000 t (2.2 
million Ib) (Ito*). By the mid 1980’s 
the number of vessels in the fishery 
had fallen to nine (from 15 in 1971) 
and in 1991 only six vessels were ac- 
tive, four active on a full-time basis. 
Fishing effort dropped after 1979, fall- 
ing to 1,023 Class II fishing days in 
1981 and 922 days in 1986 (Fig. 2). 
Another major drop in fishing effort 
occurred in 1989-90 (Ito?) and 1991 
effort was only 553 fishing days (Fig. 
2). Fishing effort data for 1948-83 


3R. Y. Ito. 1992. Western Pacific pelagic fish- 
eries in 1991. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Sci. Cent., 
Honolulu Lab., Southwest Fish. Sci. Cent. 
Admin. Rep. H-92-15, 38 p. 
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Figure 2.— Total annual fishing effort (in days) by the 
pole-and-line fishery in Hawaii, 1948-91. Effort data for 
1948-83 and 1986-87 are standardized (Uchida, 1976; 


Kikkawa'). Sources as given in Figure 1. 


(Uchida, 1976; Kikkawa!) and for 
1986-87 (Pooley*) were standardized 
(Fig. 2) to account for zero-catch trips 
and relative efficiency (Class I versus 
Class II). Data for 1984-85 and 1988-91 
were summary statistics without the in- 
formation required for standardization. 
The importance of standardization was 
minimal after 1987 because the 1988-91 
data included zero-catch trips and con- 
tained primarily Class II fishing days. 

Catch rates (CPUE in t/Class II fish- 
ing day) exhibited a declining trend in 
the 1970’s and 1980’s (Fig. 3). The 
high degree of interannual variability 
in CPUE was typical of geographically 
restricted surface fisheries for skipjack 
tuna, but the declining trend was un- 
usual. In particular, the drop in CPUE 
for large (>6.8 kg, >15 Ib) skipjack 
tuna in 1974 was extreme and was sus- 
tained though 1987 (Fig. 3). 

Large (>6.8 kg) skipjack tuna his- 
torically represented over 50% of the 
Hawaii landings by weight (Fig. 4). 
None of the world’s major skipjack 
tuna fisheries depend on such large 
fish to supply the bulk of their catch. 
Large skipjack tuna command higher 
prices in both the fresh fish and can- 
nery markets. From a high of over 80% 


4§. G. Pooley. NMFS shore-side sampling pro- 
gram. Honolulu Lab., Southwest Fish. Sci. 
Cent., Natl. Mar. Fish. Serv., NOAA, 2570 Dole 
St., Honolulu, HI 96822-2396, unpubl. data. 
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in 1972-73 the proportion of large fish 
in Hawaii landings fell to a low of 
40% in 1974 and remained below 40% 
through 1977 (Fig. 4). Reduced land- 
ings of large fish resulted in a substan- 
tial decrease in profitability to the pole- 
and-line fishery (Hudgins, 1987). The 
proportion of large fish in the catch 
has shown an upward trend since 1977 
but has only exceeded 50% in a few 
years (1983, 1988, and 1991, Fig. 4). 
The distribution of fishing effort by 


Figure 3.— Annual skipjack tuna CPUE in metric tons (t) and 
pounds (Ib) per vessel per day for all sizes (total) and large fish 
(>6.8 kg or 15 Ib), 1948-91. Sources as given in Figures | and 4. 


the fleet also changed in the 1970’s. At 
the height of the fishery in the 1950’s 
and 1960’s, several vessels were based 
on the islands of Hawaii and Maui, 
and sizable catches came from the 
northeast coasts of these islands 
(Uchida, 1970). In the 1970’s and 
1980’s most of the catch came from 
areas around Oahu, Kauai, Molokai, 
and Lanai (Kikkawa'). Presently all of 
the vessels work out of Kewalo Basin 
or Kaneohe Bay on Oahu. 
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Figure 4.— The proportion of large (>6.8 kg or 
15 Ib) fish in annual skipjack tuna landings by 
the pole-and-line fishery in Hawaii, 1960-91. 
Sources for size composition of catches: 1960-84 
and 1986-87 from Pooley* and 1988-91 from Ito. 





Increasing age of the fishing fleet 
and rising fuel prices may have con- 
tributed to more conservative fishing 
practices in the 1970’s and 1980's, re- 
sulting in fewer trips taken far from 
land. In the 1970’s skipjack tuna pole- 
and-line vessels also began to fish 
around fish aggregating devices 
(FAD’s), in addition to the more tradi- 
tional practice of scouting for bird 
flocks to locate fish. If large skipjack 
tuna were more common farther off- 
shore, a greater frequency of nearshore 
trips might have contributed to the de- 
creased catch of large fish. Uchida and 
Sumida (1971) found the average size 
of skipjack tuna caught by 7 vessels in 
the summer of 1967 was smallest in 
areas closest to Oahu. 

Changes in the geographic distribu- 
tion of fishing effort in the 1970’s ap- 
pear to have affected overall CPUE, 
which was consistently higher than av- 
erage for oceanic areas, defined as more 
than 37 km (20 n.mi.) from shore 
(Uchida, 1966, 1970, 1976). The catch 
from oceanic areas averaged about 25% 
of the total catch from the 1950’s 
through the early 1960’s (Uchida, 
1966). From 1974 to 80 catches from 
oceanic areas averaged only about 20% 
of the total catch (Kikkawa!). Data on 
the distribution of the catch in more re- 
cent years have not been summarized. 

The cannery closed in 1984 because 
of economic restructuring in the glo- 
bal tuna industry and because of mar- 
ket constraints (King, 1987). The 
decline in Hawaii skipjack tuna land- 
ings contributed to the problems of the 
cannery but was not directly respon- 
sible for its closure. This pivotal event 
left the fishery with only a local, fresh 
and dried fish market. Previously, the 
fishery had been highly seasonal; sum- 
mer (May-—September) landings aver- 
aged about 400 t (900,000 Ib) per month 
accounting for about 70% of annual 
landings (1964-82 average, Hudgins»). 
However, the fresh fish market ab- 
sorbed only about 140-200 t (300,000- 


SL. L. Hudgins. 1986. Economic issues of the 
size distributions of fish caught in the Hawai- 
ian skipjack tuna fishery 1964-82. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-86—-14, 16 p. 
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450,000 Ib) per month after the can- 
nery closed, reducing summer land- 
ings to about 54% of annual landings 
(1986-87 average, Pooley et al.°). 

The decline of the Hawaiian domes- 
tic pole-and-line fishery roughly coin- 
cided with increases in skipjack tuna 
landings by the domestic troll fishery 
in Hawaii. The amount of skipjack tuna 
caught by domestic longline and 
handline fisheries in the Hawaii Ex- 
clusive Economic Zone (EEZ) has al- 
ways been relatively insubstantial, but 
commercial troll catches increased 
from <1% of Hawaii’s total skipjack 
tuna landings in the early 1970’s to 
10% in 1985 and to about 20% in 1990 
and 1991. Expressed as a percentage, 
this increase is partly due to the de- 
cline in pole-and-line landings, but troll 
landings did increase from <50 t (<0.1 
million pounds) in the early 1970’s to 
>200 t (>0.5 million pounds) in 1991 
(Boggs and Ito, 1993). 

Pole-and-line vessels from Japan 
fishing for skipjack tuna within the EEZ 
surrounding the Northwestern Hawai- 
ian Islands also increased their catches 
during the decline of Hawaii’s domes- 
tic pole-and-line fishery. Foreign fish- 
ing effort increased from 213 to 767 
vessel-days from 1972 to 1977, while 
foreign catch increased from 1,000 to 
4,600 t (Yong and Wetherall, 1980). 
From 1978 to 1984 the annual catch in 
the EEZ by the foreign fishery ranged 
from 2,000 to 4,000 t, reaching twice 
the level of the domestic catch (Boggs, 
1987). No foreign data have been ob- 
tained since 1984, but this fishery con- 
tinued to operate legally in the EEZ 
through 1992. New regulations may 
discourage the continuation of this fish- 
ery in 1993. 


Causes for the Decline 


Bait Problems 


A lack of bait during certain times 
of the year is frequently cited as a prob- 
lem by Hawaii fishermen. The CPUE 


6S. G. Pooley, S. Teramoto, and A. C. Todoki. 
1988. Hawaii’s aku boat fishery in 1986 and 
1987. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. H- 
88-16, 15 p. 


(catch per trip) for bait fish in the 1970- 
81 period (Kikkawa') averaged slightly 
(ca. 4%) higher than in the previous 
decade (Uchida, 1977) but showed a 
declining trend. In 1986-88, bait fish 
CPUE in Pearl Harbor averaged 27% 
lower than that in 1970-81 (Koba- 
yashi’). These modest declines (1970- 
81, 1981-86) in bait fish CPUE may 
have contributed to the problems of 
the pole-and-line fishery but were not 
viewed by industry participants as a 
direct cause for the decline of the fish- 
ery (Boggs and Pooley®, 1987). 

A more serious problem for some 
vessels has been the high cost of the 
vessel insurance required for entering 
U.S. military areas (i.e., Pearl Harbor) 
to catch bait (Boggs and Pooley®, 
1987). Alternatives to the harvest of 
wild bait by each individual vessel have 
been proposed (Shug and Shang’), but 
Hawaii fishermen are very resistant to 
purchasing bait, especially when wild 
bait is available. Under present condi- 
tions, the rearing or importation of bait 
fish would be stop-gap measures and 
would not be economically feasible 
(Shug and Shang’). 


Fish Availability 


Owing to the small scale of Hawaii’s 
skipjack tuna fishery, local fishing pres- 
sure is not likely to affect the avail- 
ability of skipjack tuna in Hawaii. 
Uchida (1976) showed that in Hawaii, 
changes in CPUE were not associated 
with changes in local fishing intensity 
at a time when the local catch was 
much higher than it has been in recent 
years. The increase in pole-and-line 
catches by foreign vessels in the Ha- 
waii EEZ in the 1970’s roughly coin- 


7D. R. Kobayashi. Honolulu Lab., Southwest 
Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 
2570 Dole St., Honolulu, HI 96822-2396, 
unpubl. data. 

8C. H. Boggs and S. G. Pooley. 1987. Strategic 
planning for Hawaii’s aku industry. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-87-1, 22 p. 

°D. M. Shug and Y. C. Shang. 1983. An eco- 
nomic feasibility study of culturing topmin- 
nows as an alternative baitfish for skipjack tuna 
fisheries in Hawaii, American Samoa, Guam, 
and the Northern Mariana Islands. Pacific Busi- 
ness Center, University of Hawaii, Honolulu, 
HI 96822. Econ. Dev. Admin., Tech. Assist. 
Proj. Rep., 32 p. 
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cided with the decline of Hawaii’s pole- 
and-line fishery (Boggs, 1987), but 
there was no significant correlation 
between annual catch by the foreign 
fishery in the EEZ and domestic CPUE 
(r = -0.34, p >0.25, N = 13) for years 
with available data (1972-84). 

More research is needed to establish 
whether the Pacific-wide increase in 
catch from <500,000 t in 1980 to al- 
most 900,000 t in 1990 (IATTC, 1992; 
Hampton, In press) has affected the 
availability of skipjack tuna to Hawaii 
fishermen. The evidence suggests ma- 
jor increases in catch have had no ef- 
fect on relative abundance, as indicated 
by CPUE in large-scale fisheries. For 
example, the largest catch and the 
greatest increase in catch was in the 
western Pacific, where a doubling of 
the catch from 1980 to 1990 had no 
perceptible impact on CPUE in that 
region (Hampton, In press). Declining 
abundance might have been obscured 
by improvements in fishing efficiency 
that increase CPUE (Hampton, In 
press). However, tagging experiments 
in the western Pacific also suggest that 
skipjack tuna are too productive to be 
affected by current levels of harvest 
(i.e., <1 million t). Kleiber et al. (1983) 
estimated a western Pacific biomass of 
skipjack tuna on the order of 3 million 
t and a turnover rate of 6 million t/ 
year. These studies (Kleiber et al., 
1983; Hampton, In press) imply that 
the decline in Hawaii CPUE was not 
caused by a decline in the abundance 
of skipjack tuna in the western Pacific. 

Some genetic evidence suggests that 
skipjack tuna in Hawaii are part of a 
central and eastern Pacific stock that is 
partially isolated from the western Pa- 
cific resource (Matsumoto et al., 1984; 
Kearney, 1987). Tagging experiments 
in the eastern Pacific have resulted in 
tag recoveries in Hawaii, whereas west- 
ern Pacific tagging experiments have 
not (Kearney, 1987). Therefore, the 
decline in Hawaii’s CPUE (Fig 4) 
might logically be attributed to a cor- 
responding increase in eastern Pacific 
skipjack tuna catches (Hudgins°, 1987) 
which exceeded previous (1960-74) 
levels in 1975 and remained higher 
than average through 1982 (IATTC, 
1992). However, the timing of this in- 
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crease could not correctly explain the 
decline in catches in Hawaii a year 
before (in 1974). Moreover, eastern Pa- 
cific catches subsequently declined 
(1983-90, IATTC, 1992) without a cor- 
responding increase in Hawaii’s CPUE 
(Kearney, 1987). Furthermore, CPUE 
in the eastern Pacific seems to be unaf- 
fected by harvest level (IATTC, 1992). 

If there was a negative impact of the 
eastern Pacific fishery on Hawaii's 
fishery, it would most likely take ef- 
fect after a time lag to give eastern 
Pacific fish time to reach Hawaii and 
to grow to the size harvested by 
Hawaii’s fishery (Kearney, 1987). A 
significant (r = 0.54, p <0.05, N = 30 
years) negative correlation has been 
found between the Hawaii catch of 
skipjack tuna and the total catch (of all 
sizes) in the eastern Pacific one year 
earlier (Ianelli!®). However, a better 
indicator of interaction between these 
fisheries would be a significant nega- 
tive correlation between CPUE (rather 
than catch) in Hawaii and the eastern 
Pacific catch in the preceding year. No 
such correlation has been found 
(Kearney, 1987; Ianelli!®). 

The unusual dependence of Hawaii’s 
skipjack tuna fishery on large fish 
means that it is more sensitive to 
changes in fish population size struc- 
ture than the large-scale fisheries of 
the eastern and western Pacific. A re- 
duced size-frequency distribution of the 
population due to increasing harvests 
by large-scale fisheries might not be 
reflected in the CPUE of those fisher- 
ies but still affect availability of large 
skipjack tuna in Hawaii (Boggs, 1987). 
Eastern Pacific skipjack tuna size-fre- 
quency distributions show decreasing 
average size from 1972 to 1981 fol- 
lowed by increasing average size 
through 1985 (IATTC, 1985, 1992). 
This sequence does not correspond 
closely with Hawaii’s abruptly reduced 
proportion of large fish in 1974, or the 
increasing trend after 1977 (Fig. 4). 
Further analyses of these data are be- 
ing conducted (Ianelli!®). In the west- 
ern Pacific, improved collection and 
analysis of size-frequency data are 


'0J. Ianelli, Fisheries Research Institute, Univ. 
Wash., Seattle, WA 98195. 1992, personal 
commun. 


needed for evaluation of fishery inter- 
action (Hampton, In press). 

Annual time series of skipjack tuna 
catch in Hawaii have been found to be 
correlated with sea surface tempera- 
ture (Jones!') and salinity (Seckel, 
1972). Various models have been used 
to predict annual catches based on these 
environmental variables (Mendels- 
sohn?; Boggs, 1988, 1989). The most 
recent model based on sea surface tem- 
perature (Boggs, 1988) explained 68% 
of the variation in the CPUE of large 
skipjack tuna during 1960-83 (Fig. 5). 
This model suggests that a sustained 
decline in CPUE for large skipjack tuna 
after 1973 was related to a sustained 
change in spring sea surface warming 
patterns east of Hawaii. 

Spring warming patterns reflect the 
relative strength and northward extent 
of the California current extension 
(CCE) which joins the North Equato- 
rial Current (NEC) near Hawaii. An 
hypothesis is that the CCE and NEC 
provide a conduit for immigration of 
large skipjack tuna from the eastern 
tropical Pacific to Hawaii (Seckel, 
1972; Boggs, 1988). The most recent 
models also involve a time lag 
(Mendelssohn?; Boggs, 1988) which 
could reflect relationships between 
temperature and recruitment, mortal- 
ity, or migration in preceding years. 
Previous models (e.g., Seckel, 1972) 
explained variation in Hawaii CPUE 
based on the proximity of the north 
edge of the CCE or NEC as measured 
by sea surface temperature and salin- 
ity in Hawaii, but these models even- 
tually failed to provide good 
predictions when the north edge of the 
current passed north of the islands 
(Skillman!?). 

The spring warming model (Mendel- 
ssohn’; Boggs, 1988) was used to pre- 
dict CPUE for large skipjack tuna 
during 1984-90 and indicated that the 
availability of large skipjack tuna 


'1E. C. Jones. A winter index of Hawaiian 
skipjack tuna catch. Honolulu Lab., Southwest 
Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 
2570 Dole St., Honolulu, HI 96822-2396, 
unpubl. manuscr. 

12 R. A. Skillman, Honolulu Lab., Southwest 
Fish. Sci. Cent., Natl. Mar. Fish. Serv., NOAA, 
2570 Dole St., Honolulu, HI 96822-2396. 1991, 
personal commun. 
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Figure 5.— Annual skipjack tuna CPUE in metric tons (t) 
and pounds (Ib) per vessel per day for large fish (>6.8 kg 
or 15 Ib), 1960-91, compared with CPUE predicted by an 
environmental model. Sources as given in Figures | and 4. 


around Hawaii should have returned to 
pre-1974 levels after 1983 (Fig. 5). 
Although the proportion of large fish 
in the Hawaii catch returned to 1960- 
73 average levels in 1988 and 1991 
(Fig. 4), the CPUE for large skipjack 


tuna in recent years has remained much 
lower than predicted (Fig. 5). 

Three factors that may have contrib- 
uted to lower-than-predicted CPUE af- 
ter 1983 were 1) a self-imposed quota 
employed by vessels to avoid flooding 
a limited market, 2) reduced scouting 
and fishing closer to port, and 3) a 
change in the overall age structure of 
the population because of increased 
fishing pressure elsewhere in the Pa- 
cific. The first two factors are eco- 
nomic, and could result in reduced 
CPUE without any change in fish abun- 
dance. For example, CPUE is biased 
downwards by a self-imposed quota 
(factor 1) because measures of effort 
(days) and CPUE (catch per day) do 
not account for trips of less than a day 
when a quota is achieved early in the 
day. Increased fishing near shore (fac- 
tor 2) would decrease CPUE because 
average CPUE is highest >37 km from 
shore (Uchida, 1966, 1970, 1976) and 
fish may be smaller than average near 
shore (Uchida and Sumida, 1971). Ex- 
isting analyses do not indicate that the 
availability of large fish has been re- 
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duced by the impacts of fishing on 
population age structure (factor 3) but 
further study is needed. 


Economic Causes of the Decline 


One economic factor in the continu- 
ing decline in total catches after 1974 
(Fig. 1) was a negative correlation be- 
tween catch and the price of fuel 
(Hudgins>). In a comparison of catches 
for 1982 with those for 1974, the de- 
crease in annual catch attributable to 
fuel price increases was estimated to 
have reduced annual revenue by $1.3 
million. Over this same period, a de- 
crease in catch attributable to reduced 
CPUE and a low proportion of large 
fish in the catch (Fig. 4) were esti- 
mated to have reduced annual revenue 
by $1.0 and $0.36 million, respectively 
(Hudgins®). These losses represent over 
50% of potential revenue; actual rev- 
enue was only $2.5 million in 1982 
(Pooley et al.°). 

The mechanism by which fuel price 
increases affect the catch has not been 
documented, but the fuel price rise that 
began in 1973 did not immediately af- 
fect the total number of fishing days 
(Fig. 2). Perhaps expensive fuel and 
poor maintenance on some vessels re- 
sult in restricted scouting for schools 
of fish and in fishing closer to land. 
Fishing around FAD’s may increase 


the proportion of small fish in the catch 
(Boggs and Pooley, 1987), but FAD 
fishing seems to be mostly a last resort 
when schools of larger fish cannot be 
located. Small fish landings increased 
in 1976 whereas FAD’s were not fully 
deployed until 1980 (Hudgins?, 1987). 

Declining profitability has played an 
important role in the decline of the 
fishery (Pooley, 1987). Low earnings 
since the 1960’s curtailed investment 
in new boats. Attempts to increase prof- 
its by selling more high-priced, fresh 
skipjack tuna faced market limitations 
even before the cannery closed. Dur- 
ing 1970-85 the price per ton rose 45%, 
but costs rose 75% (after inflation). To 
offset fuel (200%) and insurance 
(390%) cost increases, the share of 
profit paid to crews was kept low, and 
repairs were postponed (Pooley, 1987). 
Poor maintenance resulted in frequent 
breakdowns and safety problems. Five 
vessels which sank during the 1980’s 
and 1990’s have not been replaced. 
Such problems may have influenced 
the fleet’s fishing range, resulting in fewer 
fishing trips to more productive oceanic 
areas. Now, most of the vessels still re- 
maining in the fleet are well maintained. 

An increase in troll, handline, and 
longline landings of yellowfin and big- 
eye tunas during the 1970’s and 1980’s 
resulted in competition for the fresh 
tuna market, reducing the available 
market for skipjack tuna after the can- 
nery closed. Although skipjack tuna is 
priced lower than yellowfin tuna (on 
average) and is appreciated by Hawaii 
residents in raw, cooked, and dried 
product forms, it is not widely accepted 
in the local restaurant (tourist) or ex- 
port markets. In 1985 the average ex- 
vessel price for skipjack tuna was only 
$2.48/kg ($1.13/lb), whereas the aver- 
age price for yellowfin tuna was 26% 
higher. The price difference has in- 
creased along with prices, and in 1991 
the average yellowfin tuna price of 
$4.98/kg ($2.26/lb) was 58% higher 
than the average skipjack tuna price. 
Yellowfin tuna can readily be sold to 
the restaurant market in Hawaii or ex- 
ported, and it has a much longer shelf 
life than skipjack tuna. Yellowfin and 
bigeye tuna are preferred over skip- 
jack tuna for sashimi in the export mar- 
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kets. Fiash-frozen skipjack and yellow- 
fin tuna imported to Hawaii from Ja- 
pan also competes with the Hawaii 
fishery for a share of the local market. 
The flash-frozen product is acceptable 
for sashimi, although it can be distin- 
guished from fresh skipjack tuna. 

The closure of the Honolulu tuna 
cannery in 1984 cost the skipjack tuna 
fishery an estimated $0.5 million (18%) 
in annual sales, and the loss would 
have been much worse had the fishery 
not already been so reduced (Hudgins, 
1987). The most pronounced effect of 
the closure has been to discourage re- 
vitalization of the fishery. The lack of 
acannery market is especially trouble- 
some during the summer when the skip- 
jack and yellowfin tuna fisheries reach 
peak production. As a result, pole-and- 
line vessels occasionally experienced 
severe market competition and devas- 
tating price reductions in the 1980's 
(Boggs and Pooley, 1987). 

Self-imposed catch limits are now 
employed by Hawaii pole-and-line ves- 
sels to avoid flooding the limited fresh- 
fish market, especially on trips made 
during summer when fish are most 
available (Boggs, 1988, 1989). Incor- 
poration of a monthly limit to landings 
with an environmental model (Boggs, 
1988) produced more realistic predic- 
tions of CPUE and annual catch 
(Boggs, 1988, 1989). Since summer is 
also the season when large fish pre- 
dominate in the catch, self-imposed 
quotas contribute to a lower propor- 
tion of large fish on an annual basis. 

In summary, Hawaii’s pole-and-line 
fishery was economically stressed 
throughout the 1970’s and 1980’s be- 
cause of rising costs and reduced prof- 
itability (Pooley, 1987). Then from 
1974-83 the availability of large fish 
declined because of environmental 
changes (Mendelssohn?; Boggs, 1988) 
and the fishery declined. Models based 
on environmental factors predict in- 
creased availability since 1983 but 
CPUE has remained low. Reasons for 
continuing low CPUE may include self- 
imposed quotas and fishing closer to 
shore than in the past. No clear evi- 
dence indicates that overfishing has had 
a negative impact in Hawaii or else- 
where in the Pacific. The fishery has 
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not recovered owing to continued high 
costs, low profits, and a limited market. 


Remedies and Future Prospects 


A workshop and a strategic plan- 
ning process (Boggs and Pooley®, 
1987) were conducted in Honolulu in 
1986 to discuss causes of the fisheries 
decline and remedial actions. An ex- 
panded market and products with a long 
shelf life to absorb peak production 
during the summer were seen as the 
most important objectives for revital- 
izing the fishery. A group of investors 
purchased the cannery facility in 1985 
with the intention of integrating it into 
a marine-oriented tourist center but the 
cannery has not reopened. Making tuna 
canning profitable in Hawaii would re- 
quire promotion of specialty packs that 
appeal to tourists and local residents, 
because production of normal canned 
tuna in Hawaii is too expensive to com- 
pete on the world market (King, 1987). 

The available evidence indicates that 
the skipjack tuna population can easily 
support an expanded fishery in Ha- 
waii, although the fishery would re- 
main vulnerable to an environmentally 
driven reduction in availability like that 
of 1974-83. If ocean-wide fishing pres- 
sure has had an impact on availability, 
local (EEZ) management would not 
substantially ameliorate that impact 
because the local fishery is relatively 
small. Bait fish stocks would be the 
only resources that might require local 
management if the fishery were to ex- 
pand. These stocks were sufficient in 
the 1970’s to support three times the 
number of full-time vessels currently 
active. The modest decline of bait fish 
stocks (ca. 27%) since the 1970’s might 
become a limiting factor if the fishery 
were to more than double its present 
size. If the profitability of the fishery 
increased, it might be able to support a 
bait fish culture industry (Shug and 
Shang’). 

The future of the fishery depends 
primarily on the development of mar- 
kets. The State of Hawaii has conducted 
market expansion projects and sup- 
ported experiments to try and increase 
product shelf life, but these have not 
been very successful, in comparison 
with similar efforts in promoting other 


species. Expansion of the market will 
likely require innovative product tech- 
nology that can economically preserve 
summer catches for later sale or fish- 
ing technology that will permit in- 
creased catches during the season of 
low availability. 

In 1986 Hudgins (1987) predicted 
that without new markets, economic 
competition would force all but 4 or 5 
of the most efficient Hawaii skipjack 
tuna fishing vessels out of business. 
She predicted that these vessels would 
supply about 900 t (2 million Ib) of the 
skipjack tuna in the Hawaii fresh mar- 
ket at prices of $2.75-3.85 per kg 
($1.25—1.75/Ib). These predictions are 
almost exactly met by the number of 
vessels (6, 4 full-time), landings (955 
t, 2.1 million Ib), and average price 
($2.87/kg, $1.30/lb) for skipjack tuna 
in 1991. Unless a larger market is de- 
veloped, there is no reason to expect 
much expansion of Hawaii’s skipjack 
tuna fishery in the near future. The- 
pole-and-line fleet may continue to de- 
cline with age and the local market may 
increasingly be supplied by imports and 
by Hawaii’s commercial troll fishery. 
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Hawaii’s Pelagic Fisheries 


CHRISTOFER H. BOGGS and RUSSELL Y. ITO 


Introduction 


Hawaii’s pelagic fisheries are small 
in comparison with other Pacific pe- 
lagic fisheries (NMFS, 1991), but they 
are the largest fisheries in the State 
(Pooley, 1993b), and much larger than 
other U.S. island-based fisheries in the 
western Pacific (Hamm et al.'). Stocks 
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ABSTRACT—Hawaii’s diverse pelagic 
fisheries supply the bulk of the State’s to- 
tal catch. The largest Hawaii fishery is the 
recently expanded longline fishery, which 
now lands about 4,400 metric tons (t) of 
broadbill swordfish, Xiphias gladius; 
1,500 t of bigeye tuna, Thunnus obesus, 
and 3,000 t of other pelagic species annu- 
ally. The increased catch of these other 
species has raised concerns regarding the 
continued availability of yellowfin tuna, 
T. albacares; blue marlin, Makaira mazara; 
and mahimahi, Coryphaena hippurus, in 
the small-vessel troll and handline fisher- 
ies which target those species. 

Analysis of catch per unit effort (CPUE) 
statistics from Hawaii’s fisheries did not 
provide strong evidence of recent declines 
in availability related to local fishery ex- 
pansion. A more influential factor was 
variation in Pacific-wide CPUE, repre- 
senting overall population abundance and 
catchability. Exogenous factors, including 
Pacific-wide fishing pressure, may over- 
whelm the influence of local fishing pres- 
sure on fish availability. 
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of tuna, billfish, and other tropical pe- 
lagic species supply most of the fish 
consumed by Hawaii residents and sup- 
port popular recreational fisheries. 

In recent years (1987-91) the com- 
position and magnitude of Hawaii’s 
commercial pelagic fisheries have 
changed. The longline fishery greatly 
expanded and the troll, handline, and 
pole-and- line fisheries declined (Ito). 
The expansion of the longline fishery 
was consistent with fishery develop- 
ment plans that viewed pelagic fish 
resources as underexploited (State of 
Hawaii Division of Aquatic Resources 
(HDAR) 1985). Pelagic fish resources 
available to Hawaii fisheries may be 
capable of sustaining even greater 
yields. However, the decline of the troll 
and handline fisheries has raised con- 
cerns regarding the continued avail- 
ability of pelagic species and local 
overfishing (Boggs?, Ito”). 

Pelagic fish availability is synony- 
mous with local abundance, here de- 
fined as the amount of fish present 
within the range of the local fishery. 
Overall abundance refers to popula- 
tion size, which is greater than local 
abundance unless the entire popula- 
tion resides within range of the local 
fishery. The stock structure of large 
pelagic species is unclear, but a com- 
mon assumption is that pelagic popu- 
lations extend over much wider areas 


?R. Y. Ito. 1992. Western Pacific pelagic fish- 
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Admin. Rep. H-92-15, 38 p. 
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than are covered by Hawaii’s fisheries 
(Skillman, 1989a, 1989b; Suzuki, 1989, 
In press; Miyabe, In press). 

Availability probably depends on 
overall abundance, but the availability 
of fish to Hawaii’s pelagic fisheries is 
also highly seasonal (Shomura, 1959; 
Yoshida, 1974; Skillman and Kamer’), 
suggesting that highly mobile pelagic 
fish change their distribution in re- 
sponse to environmental conditions 
(Seckel, 1972; Mendelssohn and Roy, 
1986), or to enter different areas for 
reproduction. Availability may also be 
confounded with catchability, defined 
as the vulnerability of fish to being 
caught by a given type of fishing gear. 
Catchability is also influenced by en- 
vironmental conditions (Sharp, 1978; 
Hanamoto, 1987). 

The limited mobility of most island 
fishermen causes yield to be poor when 
availability is low. Intense local fish- 
ing effort is not likely to cause a de- 
cline in overall abundance unless there 
are discrete stocks residing in, or peri- 
odically returning to, island waters. 
Otherwise, the fishing mortality caused 
by Hawaii fisheries is minor compared 
with overall fishing mortality caused by 
larger Pacific fisheries. Thus, local fish- 
ing pressure is unlikely to cause a signifi- 
cant reduction in overall abundance. 

Even though locally exploited pe- 
lagic stocks may be wide-ranging, and 
relatively invulnerable to local fishing 
pressure, catch per unit effort (CPUE) 
in local fisheries may decline if local 
fishing effort is so intense that most 
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fish entering the local area are soon 
caught. It is hypothesized (Sathien- 
drakumar and Tisdell, 1987; Boggs, In 
press) that if fish availability depends 
on immigration, increases in local fish- 
ing effort result in an asymptotic yield, 
beyond which further increases in lo- 
cal effort do not increase the catch, 
and local CPUE declines. The possible 
impact of local fishing effort on the 
CPUE and profitability of Hawaii’s 
pelagic fisheries is currently an issue 
of great concern to Hawaii’s fishery 
managers (Boggs’, In press). 

This paper describes Hawaii’s 
longline, troll, and handline fisheries 
for pelagic species, trends in landings 
and CPUE over time, and problems 
with the data used to monitor these 
fisheries. Changes in the apparent rela- 
tive availability of fish (local CPUE) 
are reviewed in relation to local fish- 
ery expansion and overall abundance 
(Pacific-wide CPUE). Current attempts 
at managing for optimum yield and the 
outlook for these fisheries are de- 
scribed. The Hawaii skipjack tuna fish- 
ery is covered in a separate paper 
(Boggs and Kikkawa, 1993). 


Synopsis of the Fisheries 


The fishing methods, target species, 
vessel sizes, yields, and operational ar- 
eas of Hawaii’s domestic pelagic fish- 
eries are diverse. The commercial 
sectors are largely composed of the 
pole-and-line and longline fisheries uti- 
lizing large (>12 m) vessels. The small- 
vessel troll and handline fisheries in- 
clude poorly differentiated commercial, 
recreational, and subsistence compo- 
nents. The pole-and-line fishery tar- 
gets skipjack tuna, Katsuwonus pelamis, 
and lands about 1,000 metric tons (t), 
(2.2 million Ib) annually for sale to the 
local market (Boggs and Kikkawa, 
1993). The longline fishery targets 
broadbill swordfish, Xiphias gladius; 
and bigeye tuna, Thunnus obesus, and 
now lands about 9,000 t (20 million Ib, 
including all species) much of which 
is exported. The commercial, recre- 
ational, and subsistence troll and 
handline fleets primarily target yellow- 
fin tuna, 7. albacares; mahimahi, 
Coryphaena hippurus; and blue mar- 
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lin, Makaira mazara; annual commer- 
cial landings (all species) now average 
about 2,300 t (5.2 million lb). No valid 
estimates exist for current recreational 
or subsistence landings (Pooley, 
1993a). 

Up until 1980 distant-water 
longliners from Japan caught between 
1,300 and 5,000 t of tuna and billfish 
annually within the Exclusive Eco- 
nomic Zone (EEZ) around Hawaii 
(Yong and Wetherall, 1980) but since 
1980 there has been no legal foreign 
longline fishing conducted in the EEZ. 
The Fishery Management Plan (FMP) 
enacted by the Western Pacific Re- 
gional Fishery Management Council 
(WPRFMC) was designed to regulate 
billfish catches by these foreign dis- 
tant-water longliners (WPRFMC°). The 
Japanese distant-water pole-and-line 
fishery for skipjack tuna that operated 
in the Northwestern Hawaiian Islands 
(NWHI) through 1992 was the only 
foreign fishery operating legally within 
the EEZ after 1980 (Boggs and 
Kikkawa, 1993). 

Although the primary target species 
of the domestic longline fishery are 
different from those of the troll and 
handline fisheries, the longline fishery 
also catches about 1,300 t (2.8 million 
Ib) of yellowfin tuna, blue marlin, and 
mahimahi (combined). This creates a 
potential for fishery interaction be- 
tween the longline and small-vessel 
troll and handline fisheries. Potential 
interactions, impacts on endangered 
species, the possibility of localized 
overfishing, and gear conflicts (Pooley, 
1990) prompted the WPRFMC to es- 
tablish regulations for the domestic 
longline fishery in 1990 (Dollar and 
Yoshimoto®). A moratorium on entry 
of longline vessels into the Hawaii fish- 
ery and prohibited areas for longline 
fishing were established in 1991. 


SWPRFMC. 1986. Fisheries management plan 
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The Longline Fishery 


Fishing Methods 


Longline fishing gear consists of a 
main line strung horizontally across 
1-100 km of ocean, supported at regu- 
lar intervals by vertical float lines con- 
nected to surface floats. Descending 
from the main line are branch lines, 
each ending in a single, baited hook. 
The main line droops in a curve from 
one float line to the next and bears 
some number (2-25) of branch lines 
between floats. Fishing depth depends 
on 1) the lengths of the float lines and 
branch lines, 2) the sag in the main 
line, and 3) the position of the branch 
line, the deepest branch line positions 
being in the middle of the droop. Fish- 
ing depth affects the efficiency with 
which different species are captured 
(Hanamoto, 1976, 1987; Suzuki et al., 
1977; Boggs, 1992). 

One longline “set” is made per day 
of fishing, and for long main lines the 
deployment and retrieval may take al- 
most 24 hours. Often the end of the 
line deployed first is retrieved last, so 
individual hooks may fish for a few 
hours, or all day (average ca. 12 hours). 
Traditionally the gear was set so that it 
fished primarily during daylight. For 
bait, Hawaii longliners used locally 
caught scad, Decapterus and Selar spp.; 
imported squid, Loligo sp.; sardines, 
Sardinops caerulea; herring, Clupea 
pallasi; and saury, Cololabis saira. 

The Hawaii longline fishery began 
in 1917 off Waianae, Oahu, using tech- 
niques imported from Japan. Hawaii 
longline vessels evolved from the 
wooden sampan-style baitboats used 
in the pole-and-line fishery for skip- 
jack tuna (June, 1950). The sampans 
used in the early years of the fishery 
(ca. 1950) were 12-19 m (40-63 ft) in 
length, high-bowed, and diesel-pow- 
ered. They carried about 12 t of ice to 
chill an average catch of about 3 t 
(7,000 1b) of fish caught over an aver- 
age trip of 10.5 days (June, 1950). 

Old-style longlines were made of 
rope and composed of individual units 
called “baskets” named for the bam- 
boo containers they were stowed in 
(June, 1950). Each basket was made 
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up of the float line, main line, and 
branch lines necessary for one segment 
of longline (one droop of the line). 
Poles with flags were attached to the 
floats to mark the gear, and longlining 
was generally referred to as “flagline” 
fishing. 


Historical Development 
and Decline 


Historically, the longline fishery was 
the second largest commercial fishery 
in the state after the pole-and-line fish- 
ery. By the 1930’s longliners landed 
most of the 1,000 t (ca. 2 million Ib) of 
yellowfin tuna, bigeye tuna, and alba- 
core, Thunnus alalunga, landed in the 
Territory of Hawaii (June, 1950). Af- 
ter a hiatus during World War II the 
fishery quickly recovered, landing 900 t 
(2 million Ib) of tuna, and 700 t (1.5 
million Ib) of billfish and other species in 
1948. Landings continued to rise, reach- 
ing a record level of 2,000 t (4.4 million 
Ib) in 1954 (Fig. 1A). The longline fish- 
ery declined in the late 1950’s through 
the mid-1970’s to reach a similar level of 
landings as the commercial troll (Fig. 2) 
and handline (Fig. 3) fisheries. 


In the early years most of the catch 
was reported to have been in HDAR 
statistical areas 2—20 n.mi. (3.7-37 km) 
off Waianae, Oahu, and off Kona, Hilo, 
and Hamakua, Hawaii (June, 1950). 
Shomura (1959) reported greatly im- 
proved catch rates for bigeye tuna by 
longline vessels fishing off the wind- 
ward coasts (i.e., Hilo) in winter as 
opposed to the traditional practice of 
fishing off sheltered leeward coasts 
(i.e., Waianae, Kona). Hida (1966) re- 
ported a growing number of longliners 
extending their range 100-400 n.mi. 
south of Oahu, and noted that CPUE was 
better than average in the southern area. 

The species composition of longline 
landings changed over time. During 
1951-64, more than 50% of longline 
landings (by weight) were bigeye tuna, 
also called ahi (a Hawaiian name), ahi 
mebachi, or “bluefin.” True bluefin 
tuna, Thunnus thynnus, are rarely 
caught by Hawaii fishermen. Before 
1950 and in the 1970’s bigeye tuna 
and yellowfin tuna (also called ahi) 
made up roughly equal proportions of 
the catch (Fig. 1A). The proportion of 
blue marlin in the catch was higher 
than that of striped marlin, Tetrapturus 


audax, in the early 1950’s but striped 
marlin became more predominant from 
the early 1960’s to the present (Fig. 
1A). Both marlin species are also called 
au (the Hawaiian name) or “sword- 
fish,” but they should not be confused 
with broadbill swordfish (Fig. 1B), 
which became the primary target spe- 
cies in the 1990’s (Dollar’). Local com- 
mon names for the pelagic species are 
often used for reporting catch statis- 
tics, resulting in some confusion. 

The decline of the Hawaii longline 
fishery in the late 1950’s through mid- 
1970’s was characterized by a lack of 
new investment. Only a few new steel 
or fiberglass boats were built or added 
to the fleet between 1950 and 1982. 
Only 3 out of 11 boats surveyed in 
1982 were built after 1970 (Hawaii 
Opinion®). Most longline vessels oper- 


7R. A. Dollar. 1992. Annual report of the 1991 
western Pacific longline fishery. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Sci. Cent., Honolulu Lab., South- 
west Fish. Sci. Cent. Admin. Rep. H-92-11, 26 p. 
SHawaii Opinion, Inc. 1984. A cost earnings 
study of the longline and handline fishing fleets 
in Hawaii, a summary of the survey. Prepared 
for NMFS, 2570 Dole St., Honolulu, HI 96822- 
2396, contract number 81-ABC-00267, 113 p. 
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Figure 1.— Longline landings (in t and Ib) in Hawaii from 1948-91, including A) component species except broadbill swordfish and B) 
broadbill swordfish. Total landings are the sum of stacked components. Dashed lines show corrected 1979-86 estimates for total landings, 
other species (O), yellowfin tuna (Yf), and bigeye tuna (Be). Sources: 1948-86, HDAR data; 1987— 91, NMFS estimates. 
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Figure 2.— Troll landings in metric tons (t) and pounds (Ib) in Hawaii 
from 1970-91. Total landings are the sum of stacked components. Source: 


HDAR data. 


ating through 1982 were veterans of 
the 1940’s and 1950’s. Low profitabil- 
ity probably contributed to the lack of 
investment in new vessels. 

Local sale of fresh fish, mostly for 
raw consumption, provided a limited 
market that was easy to saturate, driv- 
ing down the price (Otsu, 1954). The 
Hawaii fresh-fish market was the only 
outlet, because mainland U.S. consum- 
ers did not accept tuna as a fresh prod- 
uct. The Japan “sashimi” market was 
distant and exacted hard-to-meet prod- 
uct standards. Prices offered by tuna 
canneries were too low to provide ad- 
equate profits. 

Although the number of vessels de- 
clined, the amount of fishing gear de- 
ployed in an average trip nearly 
doubled between the 1950’s (Shomura, 
1959) and the early 1980’s (Hawaii 
Opinion®). The number of hooks per 
basket, and consequently the length of 
main line between float lines, also in- 
creased, resulting in a deeper gear con- 
figuration. A similar shift in gear 
configuration characterized the distant- 
water longline fleets of Japan and Ko- 
rea (Suzuki et al., 1977; Yang and 
Gong, 1988). 

The number of vessels participating 
in the Hawaii longline fishery over the 


72 


years is difficult to document because 
many vessels fished part-time while 
participating in other Hawaii fisheries. 
June (1950) identified 49 vessels as 
primarily longliners (30 in Honolulu), 
whereas Hawaii Division of Aquatic 
Resources (HDAR) records indicate 76 


registered longline vessels in 1950. 
Yoshida (1974) states that participa- 
tion declined from 42 vessels in 1952 
to 31 in 1964, and to 20 in 1970. Yuen? 
reported that the longline fleet in Ho- 
nolulu numbered 15 in 1977, and by 
1983 HDAR records showed only 13 
registered longline vessels (10 in Ho- 
nolulu). 

The decline in vessels corresponded 
with the declining trend in longline 
landings reported to HDAR between 
1954 and 1982 (Fig. 1A). However, 
visual inspection of the Honolulu fleet 
in 1983 found 37 vessels carrying 
longline gear (Honda!) as opposed to 
10 registered with HDAR. Incomplete 
reporting to HDAR prompted the es- 
tablishment of a NMFS market sam- 
pling program in late 1986 (Pooley, 
1993b) and a Federal longline logbook 
program (Dollar and Yoshimoto®) was 
instituted by the WPRFMC in 1990 to 
collect more detailed data. A compari- 


°H. S. H. Yuen. 1977. Overview of fisheries for 
the billfishes in Hawaii. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin Rep. H-77-19H, 14 p. 

OVA. Honda. 1985. An updated description of 
the Hawaiian tuna longline fishery. NMFS, 300 
Ala Moana Blvd., Honolulu, HI 96850-4982, 
unpubl. manuscri. 
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Figure 3.— Handline landings in metric tons (t) and pounds (Ib) in Hawaii 
from 1970 to 1991. Total landings are the sum of stacked components. 


Source: HDAR data. 
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son between NMFS estimates of 
longline landings at wholesale markets 
and landings reported to HDAR in 1987 
showed that less than 20% of longline 
landings were reported (Ito). 

The best available estimates of Ha- 
waii longline landings over time (Fig. 
1A) are based on three data sources 
and a correction to account for 
underreporting (Pooley, 1993b). 
HDAR longline data are believed to be 
relatively complete through 1978 
(Pooley, 1993b). NMFS estimates 
based on market sampling and log- 
books (Ito*; Pooley, 1993b) are used 
for 1987-91 (Fig. 1A and 1B). Esti- 
mates for 1979-86 (dashed lines, Fig. 
1A) are interpolated values between 
HDAR reported landings in 1978 and 
NMFS estimates for 1987 (Pooley, 
1993b). In contrast, HDAR troll (Fig. 
2) and handline (Fig. 3) landings re- 
ported to HDAR through 1991 are very 
similar to NMFS estimates (Pooley, 
1993b), and HDAR troll and handline 
data are used in this paper without cor- 
rection. The corrected longline data 
indicate that the nadir of the longline 
fishery occured in 1975 (not 1982, 
Fig. 1A). 


Revitalization and Expansion 


The longline fishery expanded rap- 
idly in the late 1980’s to become the 
largest fishery in the state. The revital- 
ization was due to the development of 
the local markets and export markets 
for fresh tuna on the U.S. mainland 
and in Japan (Kawamoto et al.!') and 
the introduction of new swordfish fish- 
ing methods in the late 1980’s (Dol- 
lar’). Participation in the Hawaii 
longline fishery approximately doubled 
from 37 vessels in 1987 to 75 in 1989 
(Ito*) and doubled again to 156 (ves- 
sels with permits) by the end of 1991 
(Dollar and Yoshimoto®). Permits were 
required by the Federal moratorium on 
new entrants established in 1991. Only 
140 of the vessels with permits were 
active in 1991. In 1988 landings data 


NK. E. Kawamoto, R. Y. Ito, R. P. Clarke, and 
A. E. Chun. 1989. Status of the tuna longline 
fishery in Hawaii, 1987-88. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-89-10, 34 p. 
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first exceeded the record set in 1954 
(Fig. 1A) and by 1991 landings reached 
9,000 t (20 million Ib), including 4,400 t 
(9.6 million Ib) of swordfish (Fig. 1B). 
New entrants in the longline fishery 
were mostly steel-hulled vessels up to 
33 m (107 ft) in length, and the major- 
ity of these vessels and their operators 
were former participants in U.S. east 
coast tuna and swordfish fisheries (Dol- 
lar’). The present fleet uses modern 
electronics (Radar, Loran, Global Po- 
sitioning System (GPS)) to navigate, 
and uses radio beacons, strobe lights, 
and radar reflectors to mark the gear. 
Some vessels obtain sea-surface tem- 
perature maps by radio-facsimile 
(FAX) and most have electronic ther- 
mometers for use in finding fish asso- 
ciated with temperature fronts. 
Changes in fishing methods and 
greater amounts of fishing gear char- 
acterized the expansion of the longline 
fleet. In 1988 most vessels still used 
basket-type, rope longline gear, but 
they deployed over 3 times as much 
gear on an average trip as vessels in 
1982 (Hawaii Opinion*, Kawamoto et 
al.''). A few vessels used “bin” gear in 
which the rope mainline is continuous, 
rather than composed of baskets, and 
these vessels deployed similar amounts 
of gear as those using basket gear 
(Kawamoto et al.!'). Continuous ny- 
lon monofilament main lines stored on 
spools and used with snap-on 
monofilament branch lines were first 
used in 1985, and by the end of 1988, 
29% of the fleet used this new system 
(Kawamoto et al.!'). Monofilament 
gear was popular among new entrants 
to the Hawaii fishery and became the 
most prevalent gear type in the fleet. 
Longliners using monofilament gear 
tended to deploy over four times as 
much gear per trip in 1988 (Kawamoto 
et al.'') as was typical of the fleet in 
1982 (Hawaii Opinion’). 
Monofilament longline gear is more 
flexible in configuration and can be 
used to target various depths more eas- 
ily than basket gear because the amount 
of main line, the number of branch 
lines, and the sag between floats are 
adjustable. This flexibility was dem- 
onstrated by the switch from traditional 
deep daytime fishing for bigeye tuna 


to shallow nighttime fishing, targeting 
broadbill swordfish in the 1990’s (Ito). 
Both daytime and nighttime methods 
are still practiced using the same 
monofilament longline system. In tar- 
geting bigeye tuna 12-25 hooks are 
deployed between floats with lots of 
sag to reach as deep as 400 m (Boggs, 
1992), whereas in targeting swordfish 
only a few hooks are deployed between 
floats and the line is kept relatively taut 
so that it stays in the upper 30-90 m of 
water. Night fishing employs lumines- 
cent “light sticks” which attract broadbill 
swordfish and bigeye tuna or their prey 
(Berkley et al., 1981). Large imported 
squid, Illex sp., are used for bait. 

A special “line thrower” is required 
to put sag into a monofilament longline 
as it is deployed (Kawamoto et al.!'; 
Boggs, 1992) so that it can fish deeply 
for bigeye tuna. Many new entrants to 
the fishery in 1989-91 did not invest 
in line throwers. These vessels fished 
shallow even when targeting tuna (day- 
time fishing) and probably contributed 
to the increase in the relative propor- 
tions of yellowfin tuna, blue marlin, 
and other shallow-swimming species 
caught by longliners in recent years 
(Fig. 1A). The increasing longline catch 
of these species was cause for concern 
by the small-vessel troll and handline 
fisheries that target them (Boggs’). 

The fishing grounds of the Hawaii 
longline fishery expanded in the 1980's 
and 1990’s. Hawaii fishermen inter- 
viewed in 1982 reported that they had 
to fish farther away from port in order 
to make good catches (Hawaii Opin- 
ion®). In 1986 Hawaii longliners began 
exploring fishing grounds up to 800 
n.mi. from the main Hawaiian Islands, 
and distant-water fishing is becoming 
more common in the 1990’s. Logbook 
data from the first quarter of 1991 in- 
dicate that over half of longline sets 
were more than 50 n.mi. away from 
the main Hawaiian Islands, and <2% 
of sets were made outside the EEZ 
(NMFS'”). 

Conflicts with other fisheries and 
interactions with protected species led 
to the exclusion of the longline fishery 


!2NMFS Honolulu Laboratory, 2570 Dole St., 
Honolulu HI 96822-2396, unpubl. longline log- 
book data. 





from nearshore waters in the 1990's. 
In early 1991 longline fishing was pro- 
hibited within a radius of 50 n.mi. off 
the NWHI (Dollar’) to prevent inter- 
actions between endangered Hawaiian 
monk seals, Monachus schauinslandi, 
and surface-fishing longliners that tar- 
geted aggregations of swordfish near 
those islands. In 1989 an informal 
agreement was negotiated between 
small-vessel fishermen and longline 
fishermen whereby longliners would 
keep >20 n.mi. from the coasts of the 
main Hawaiian Islands and >10 n.mi. 
from fish aggregating devices (FAD’s). 
Some vessels, especially subsequent 
entrants to the fishery, did not comply 
with the agreement. To mitigate con- 
flicts between longliners and small-ves- 
sel troll and handline fishermen, the 
WPRFMC in mid-1991 established a 
buffer zone prohibiting longline fish- 
ing within a radius of 75 n.mi. off the 
coasts of Kauai and Oahu, or within a 
radius of 50 n.mi. off the coasts of 
Maui, Molokai, Lanai, Kahoolawe, and 
Hawaii (Dollar and Yoshimoto®). 


The Troll Fishery 


Troll and handline fisheries in Ha- 
waii have not been studied as exten- 
sively as the longline fishery. Trolling 
involves towing lures or baited hooks 
behind a moving vessel, whereas 
handlining involves dangling baited 
hooks from a stationary or drifting ves- 
sel. The evolution and operation of the 
Hawaii troll fishery are poorly docu- 
mented. Trolling with lures for pelagic 
species was a traditional Polynesian 
fishing method, and Hawaii has since 
been the site of important innovations 
in big-game troll fishing techniques 
(Rizzuto, 1983). 

The troll fishery has several compo- 
nents: 1) a recreational-subsistence sec- 
tor which is poorly differentiated from 
a part-time commercial sector, 2) a 
charter sector which is recreational for 
its patrons but commercial for the op- 
erators who sell the catch, 3) a part- 
time commercial sector, and 4) a full- 
time commercial sector. Most troll 
vessels are small (S—8 m, 15-25 ft in 
length), although charter boats range 
up to 18 m (59 ft). In the mid-1980’s 
large (20-26 m, 65-85 ft) troll vessels 
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transiting the Hawaii EEZ to fish for 
albacore, Thunnus alalunga, in the 
North Pacific participated briefly in the 
Hawaii troll fishery, and vessels from 
the lobster and bottomfish fisheries also 
participate intermittently in the Hawaii 
troll fishery. Troll fishing is conducted 
throughout the Hawaiian islands, gen- 
erally within 20 n.mi. of shore. 

Commercial catch reports to HDAR 
do not distinguish between different 
types of troll fishing (i.e., part-time, 
charter); only fishermen who sell their 
catch are required to file reports. Re- 
ported annual commercial troll catches 
were <200 t (0.4 million Ib) until 1974 
(Fig. 2). During 1975-84 catches 
ranged between 540-790 t (1.2-1.7 
million Ib) per year, and then the catch 
rose to a record peak of almost 1,700 t 
in 1987. Annual catches declined after 
1987 but remained >1,000 t (2.2 mil- 
lion Ib) through 1991 (Fig. 2). 

The troll fishery catches more 
mahimahi and wahoo, Acanthocybium 
solandri, than all the other Hawaii pe- 
lagic fisheries, about half the blue mar- 
lin, and about 20% of the yellowfin 
tuna landed. Yellowfin tuna composed 
almost half the commercial troll catch 
from 1975 to 1980, after which its pro- 
portion in the catch declined. The pro- 
portion of mahimahi and skipjack tuna 
in the troll catch increased through the 
1980’s and 1990’s. The charter sector 
of the troll fishery targets blue marlin, 
and this species accounted for 54% 
and 39% of estimated charter catches 
in 1976 (Cooper and Adams!) and 
1982 (Samples et al.'*), respectively. 
In contrast, 87% of full-time commer- 
cial troll catches were yellowfin tuna 
(Cooper and Adams!+). Changes in the 
relative size of the different commer- 
cial sectors (i.e., charter, part-time) may 


'3J. C. Cooper and M. F. G. Adams. 1978. 
Preliminary estimates of catch, sales, and rev- 
enue of game fish for the fishing conservation 
zone around the main Hawaiian Islands, by 
types of troll and longline vessels and by spe- 
cies. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. 24H, 
10 p. 

'4K. C. Samples, J. N. Kusakabe, and J. T. 
Sproul. 1984. A description and economic ap- 
praisal of charter boat fishing in Hawaii. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-84-6C, 130 p. 


influence the species composition of 
the total reported catch (Fig. 2). 
Charter vessels in the troll fishery 
numbered 102 and 119 in 1976 and 
1982, respectively (Cooper and 
Adams!?; Samples et al.'*), compared 
to an estimated 160 full-time commer- 
cial, and 1,544 part-time and recre- 
ational-subsistence trollers (combined) 
in 1976 (Cooper and Adams!). Pro- 
portions of the total troll catch by these 
sectors in 1976 were 21% charter, 44% 
part-time commercial and recreational- 
subsistence (combined), and 35% full- 
time commercial. About 70% of the 
charter catch and 60% of the part-time 
commercial and recreational-subsis- 
tence catch was sold (Cooper and 
Adams'!*). Growth of the troll fishery 
makes it unlikely that these propor- 
tions represent the current situation but 
the charter fishery is believed to have 
grown with the expansion of tourism, 
and the recreational-subsistence fishery 
remains important (Pooley, 1993a). 


The Handline Fishery 


There are several types of pelagic 
handline fishing in Hawaii today. Day- 
handline fishing is a revitalization of 
an ancient Hawaiian method called 
“palu-ahi” for the use of “palu” (chum) 
to attract and hook ahi (yellowfin tuna). 
Palu-ahi fishing is also called “drop 
stone” fishing. A baited hook on the 
end of the handline is laid against a 
stone and the line wound around it. 
Additional pieces of chum are also 
wound into the bundle which is then 
tied in a slip knot (Rizzuto, 1983). The 
bundle is lowered to the preferred depth 
(commonly 20-30 m). Then the line is 
jerked to untie the knot so that the 
baited hook and chum are released. 

Night-handline fishing is called “ika- 
shibi” from the Japanese names for 
squid (ika) and tuna (shibi). The ika- 
shibi fishery is an outgrowth of a squid 
fishery that probably began in the 
1920’s and did not target tuna until 
after World War II (Yuen, 1979). Ika- 
shibi fishermen attract squid to the fish- 
ing vessel with a light and catch the 
squid on jigs or with a gaff. The squid 
are then used as bait. Ika-shibi or palu- 
ahi were not distinguished as separate 
fishing methods in HDAR statistics 
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prior to 1982. Subsequently (1982-91) 
only a fraction of handline landings 
were reported as palu-ahi or ika-shibi, 
and so the handline catch statistics have 
been combined for this report (Fig. 3). 

All handline catches were sold on 
the Island of Hawaii where the fishery 
was primarily located until 1971 when 
the rising price for tuna and reduced 
shipping costs made air shipment to 
Honolulu economically feasible. The 
increasing market for fresh fish boosted 
the development of Hawaii’s fisheries 
in the mid-1970’s (Pooley, 1993a). 
Annual commercial handline landings 
reported to HDAR increased from 45 t 
to almost 1,000 t between 1970 and 
1981. Since 1981 commercial handline 
landings have ranged between 500 and 
1,000 t (1.1-2.2 million pounds) with 
major peaks in 1981, 1983, 1986, and 
1991 (Fig. 3). The magnitude of the 
recreational-subsistence sector of the 
handline fishery is unquantified, but 
important (Pooley, 1993a). 

The composition of the handline 
catch is almost exclusively tuna; yel- 
lowfin tuna is the predominant species 
(Fig. 3). Mahimahi and other nontuna 
species make up less than 10% of the 
catch. Bigeye tuna are an important 
component of the handline catch (Yuen, 
1979) that is not reflected in HDAR 
statistics. The ika-shibi catch of big- 
eye tuna ranged from 63 to 120 t (139- 
265 thousand Ib) in 1973-75 (Yuen, 
1979), but HDAR records indicate <23 
t of tuna other than yellowfin landed 
by all handline fishing gears in 1973- 
75 (Fig. 3). This may represent a lack 
of reporting, but it is also likely that 
handline fishermen are lumping both 
bigeye and yellowfin catches as ahi in 
their catch reports since these species 
have the same Hawaiian name. 

Most handline vessels are 6-9 m in 
length and are often crewed by 1-2 
persons. Surveys by Yuen (1979) and 
Ikehara!> indicate that the ika-shibi 
fishery grew from 30—40 boats in 1976 
to at least 230 boats by 1980. In recent 
years some of the smaller longline ves- 


SW. N. Ikehara. 1981. A survey of the ika- 
shibi fishery in the State of Hawaii, 1980. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-82-4C, 12 p. 
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sels and larger commercial troll vessels 
have also done some handline fishing. 

Day-handline fishing was concen- 
trated around the Island of Hawaii and 
ika-shibi fishing was concentrated off 
the Hilo coast of Hawaii in the mid- 
1980's. Traditionally, handline fishing 
was conducted within a few km of the 
coast at locations called “ahi koas” 
where yellowfin and bigeye tuna were 
especially available. The State (HDAR) 
encouraged expansion into new areas 
in the late 1980’s. Handline fishing 
techniques have spread and are now 
practiced on Kauai and Maui. Some of 
the largest handline vessels have ex- 
tended their range to fish around sea- 
mounts and weather buoys 100-200 
n.mi. from the coast. This new expan- 
sion of the fishery may have contrib- 
uted substantially to the peak in catch 
reported in 1991, which followed four 
years of continuous decline (1987-90, 
Fig. 3). Some fishermen feel that there 
may soon be too many participants in 
the handline fishery, and the WPRFMC 
has been asked to institute a control 
date for this fishery in anticipation of 
possible limited-entry management. 

The increasing cost of insurance has 
been a problem for small-vessel com- 
mercial fishermen. Many operators 
could not afford to keep up with rising 
insurance costs in the late 1980’s and 
some, who weren’t willing to risk their 
assets, stopped fishing. Another eco- 
nomic problem for the commercial troll 
and handline fisheries is a condition 
called burnt tuna syndrome (BTS) 
which discolors and gives a bad taste 
to sashimi as well as reduces its shelf 
life (Nakamura et al., 1987). BTS is 
prevalent in troll and handline-caught 
fish over 35 kg and uncommon in 
longline-caught fish. Proper handling 
can ameliorate BTS (Nakamura et al., 
1987) and research is under way to 
find means to prevent it (Watson et al., 
1988). 


Abundance and Availability 


Background 


The primary concern in Hawaii’s 
pelagic fisheries today is whether fish- 
ing effort should be limited to protect 
the local abundance or availability of 


fish (Pooley, 1990; Boggs*, In press; 
Skillman et al., 1993). Increased 
catches by Hawaii’s pelagic fisheries 
over the last two decades could hypo- 
thetically have reduced the abundance 
of local stocks, if such stocks exist. It 
is more likely that Hawaii’s fisheries 
exploit locally available fractions of 
Pacific-wide stocks (Wetherall and 
Yong!®; Skillman and Kamer*; Boggs, 
In press). In the latter case immigra- 
tion may limit yields and excessive 
fishing effort might result in reduced 
CPUE (Sathiendrakumar and Tisdell, 
1987; Boggs’, In press). In either case, 
excessive local fishing pressure should 
be evidenced by corresponding declines 
in local CPUE. 

Several studies suggest that local 
fishing pressure can reduce local CPUE 
for wide-ranging pelagic species 
(Wetherall and Yong!®, Squire and Au, 
1990; Boggs’, In press; Skillman and 
Kamer’). Many of these studies also 
found that the relative abundance 
(CPUE) of fish over a wider geographic 
area could statistically account for 
much of the variation in local CPUE. 
Relative abundance estimated as CPUE 
is confounded with catchability, so that 
widespread environmental effects on 
catchability, as well as true changes in 
stock-wide abundance, could explain 
the statistical relationships between 
Pacific-wide CPUE and local CPUE. 

The following examination of Ha- 
waii CPUE time series extending from 
the early years of each fishery to the 
present was undertaken to show 
whether or not the expansion of 
Hawaii’s pelagic fisheries over the last 
two decades, 1970-91, corresponded 
with declines in local CPUE. Major 
declines in local CPUE were often 
found to predate local fisheries expan- 
sion and corresponded with declines in 
the CPUE of more widespread fisher- 
ies. Over the last few decades the time 
series indicated much interannual varia- 
tion and little net change in CPUE. 


16}. A. Wetherall and M. Y. Y. Yong. 1983. An 
analysis of some factors affecting the abun- 
dance of blue marlin in Hawaiian waters. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Southwest Fish. Cent., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-83-16, 33 p. 
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Calculation of Hawaii CPUE 


Longline CPUE was calculated from 
a combination of data sources includ- 
ing published literature, HDAR data 
summaries, and NMFS market sample 
estimates. Troll and handline CPUE 
was calculated solely from HDAR data 
summaries because these data identify 
troll and handline gears (NMFS esti- 
mates do not). HDAR summaries do 
not differ substantially (in total) from 
NMFS estimates for combined troll and 
handline (Pooley, 1993b). All avail- 
able summary statistics (HDAR and 
NMFS) were used in the present study, 
but no new analyses of raw data were 
conducted. 

To calculate CPUE in the early long- 
line fishery (e.g., Fig. 4A), Hawaii 
longline data on two size-classes of 
vessels for 1948-56 (Shomura, 1959) 
were combined, and catch was con- 
verted from number of fish to weight. 
The results were similar to 1948-52 
CPUE data published by Otsu (1954). 
The CPUE based on combined data 
differed little from the data for large 
vessels (Shomura, 1959), and although 
vessel size is important, it was ignored 
in the present study because data sum- 
maries by vessel size for subsequent 
years were not available. 

Longline data summaries for 1959- 
89 and NMFS market sample longline 
estimates for 1987-89 (Ito; Pooley, 
1993b) were used to calculate longline 
CPUE for later years (e.g., Fig. 4A). 
HDAR longline data after 1978 are be- 
lieved to represent only a fraction (ca. 
<20% Fig. 1A) of the fishery, but com- 
plete coverage is not required to calcu- 
late a representative CPUE index. No 
other data were available for 1979-86. 

Two longline CPUE indices for 
1987-89 were calculated, one from 
HDAR data, and another from NMFS 
estimates (e.g., Fig. 4A). The HDAR 
series from 1979 through 1989 best 
indicates the longline CPUE trend for 
those years, whereas the 1987-89 
NMEFS data best indicate recent CPUE 
for comparison with the earlier years 
1947-78 (e.g., Fig. 4A). Longline 
CPUE was not calculated for 1990-91 
because in these years a fraction of the 
longline fishery changed fishing meth- 
ods to target broadbill swordfish, and 
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additional work is needed to catego- 
rize the subset of the longline trips in 
1990-91 that targeted tuna. The Ha- 
waii swordfish fishery has developed 
too recently (Fig. 1B) for any trend in 
CPUE to be indicative of availability. 

HDAR data summaries for the troll 
and handline fisheries from 1970 to 
1991 were used to calculate CPUE time 
series for these fisheries (e.g., Fig. 4B). 
Prior data are not very important be- 
cause the troll and handline fisheries 
were so small before 1970. 

CPUE was calculated as the total 
annual longline, troll, or handline catch 
(by weight) of a species divided by 
total annual effort. Effort was estimated 
either as the annual number of fishing 
trips (troll and handline fisheries) or 
the annual number of hooks (longline 
fishery). Longline hook totals were cal- 
culated from the number of trips mul- 
tiplied by estimates of hooks per trip 
(Boggs and Hawn!’). Changes in the 
amount of gear deployed per trip ob- 
tained from descriptions of the fishery 
(June, 1950; Otsu, 1954; Shomura, 
1959; Hida, 1966; Yoshida, 1974; Ha- 
waii Opinion*®; Kawamoto et al.!!; Ito”) 
were used to estimate and interpolate 
the typical quantity of hooks per trip 
from 1947-89 (Boggs and Hawn!’). 
Corrections for changes in efficiency 
with fishing depth are being developed 
(Boggs, 1992; Boggs and Hawn!’) but 
are not used here. 

The NMFS market sampling pro- 
gram counted fishing trips as each oc- 
casion that a vessel landed and sold its 
catch. HDAR data summaries included 
each unique date of landing for each 
unique license number in the records 
as a trip if any pelagic species were 
caught. Trip counts from both NMFS 
and HDAR data did not include trips 
with no catch of any pelagic species 
(prior to 1992). Such trips were sel- 
dom reported. For any given species 
the count of trips did include trips that 
did not catch that species but caught 
another pelagic species. 


IC, H. Boggs and D. R. Hawn. Changes in 
fishing power and estimates of fishing effort 
for the Hawaii longline fishery, 1948-91. NMFS 
Honolulu Laboratory, 2570 Dole St., Honolulu 
HI 96822-2396, unpubl. manuscr. 


The lack of data on the number of 
trips that caught no pelagic species may 
have caused errors in the effort esti- 
mates, but the CPUE time series based 
on those data may still be indicative of 
relative changes in availability. The 
number of zero-catch trips should have 
been negatively correlated with catch 
per successful trip (CPUE) since both 
were dependent on fish availability. 
Thus, the CPUE time series should still 
reflect real trends, especially if zero- 
catch trips represented a modest frac- 
tion of total effort. No bias was caused 
by changes in the fraction of zero-catch 
trips reported because none were 
counted. Uchida (1976) found a high 
correlation between Hawaii pole-and- 
line CPUE including zero-catch trips 
and CPUE excluding zero-catch trips. 


The effort data for the troll and 
handline fisheries contained no stan- 
dardization of trips as a unit of effort, 
and the longline effort data were stan- 
dardized only to account for changes 
in the number of hooks per trip (Boggs 
and Hawn!’). Changes in troll or 
handline fishing power, (number of 
lines, hooks, or hours, per trip, etc.) or 
changes in longline, troll, or handline 
efficiency (class of vessel, gear type, 
target depth, fishing strategy) may have 
resulted in biases in the CPUE time 
series, obscuring trends or giving the 
appearance of trends where none ex- 
isted. Although much of the data pre- 
sented here are decades old, the es- 
timates of CPUE must be considered 
preliminary until the raw data are re- 
analyzed and effort standardized to ac- 
count for changes in efficiency (e.g., 
Uchida, 1976; Suzuki, 1989). 


Despite problems with the nonstan- 
dardized CPUE indices, they are the 
only data currently available. Nonstan- 
dardized Hawaii CPUE data for sev- 
eral different gear types often show a 
similar pattern (Skillman and Kamer’) 
or reflect a pattern similar to that of 
more sophisticated CPUE indices from 
nearby fisheries (Wetherall and 
Yong!®). These examples suggest that 
some true information on relative avail- 
ability is represented by nonstandard- 
ized CPUE indices for Hawaii’s 
fisheries. 
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Figure 4.— Yellowfin tuna CPUE time series showing A) Hawaii longline CPUE (kg and Ib per 1,000 
hooks) from 1948-55 (Shomura, 1959), 1959-89 (HDAR data), and 1987-89 (NMFS estimates); B) 
Hawaii handline and troll CPUE (in kg and Ib per trip) from 1970 to 1991 (HDAR data), and C) western 
Pacific longline CPUE (in no. fish per 1,000 hooks) in the Japanese fishery from 1952 to 1986 (Suzuki, 


In press). 


CPUE Time Series 


Yellowfin tuna CPUE in the Hawaii 
longline fishery declined between the 
1950’s and the early 1960’s and then 
ranged between 90-210 kg/1,000 hooks 
with no clear trend from 1959-81 (Fig. 
4A). Yellowfin tuna CPUE based on 
HDAR longline data declined from 
1980-87, recovering somewhat in 
1988-89. The more accurate longline 
CPUE index based on NMFS estimates 
indicated a return to average longline 
CPUE in 1988-89 (Fig. 4A). 


55(2), 1993 


The 1980-87 decline in yellowfin 
tuna CPUE for the Hawaii longline 
fishery occurred during a period of troll 
(Fig. 2) and longline (Fig. 1A) fishery 
expansion. However, the subsequent 
increase in longline CPUE in 1988-89 
occurred during the period of greatest 
longline fishery expansion, while troll 
and handline fishing levels remained very 
high. Thus low levels of Hawaii longline 
CPUE did not correspond consistently 
with periods of higher fishing pressure. 

Yellowfin CPUE in the Hawaii troll 
and handline fisheries (Fig. 4B) in- 


creased from 1970 to 1978 and subse- 
quently declined through 1984. After 
1984 Hawaii handline and troll CPUE 
increased to peaks in 1986 and 1987, 
respectively, and then declined (Fig. 
4B). These declines coincided with ex- 
pansion of Hawaii’s longline, troll, and 
handline fisheries. However, handline 
CPUE subsequently increased from 
1884 to 1986 and troll CPUE increased 
from 1984 to 1987 despite continued 
expansion of the troll and longline fish- 
eries. During the period of greatest ex- 
pansion of the longline fishery 
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(1987-89) troll and handline CPUE 
declined (Boggs*). However, troll 
CPUE returned to a typical level in 
1990 and handline CPUE reached a 
high level in 1991 (Fig. 4B) despite 
continued high levels of fishing by all 
three pelagic fisheries. Thus availabil- 
ity (CPUE) of yellowfin tuna in Ha- 
waii did not appear to be closely related 
to changes in local fishing pressure. 
Local availability of yellowfin tuna 
seemed to follow patterns in the over- 
all abundance or catchability of the 
stock as indicated by CPUE in wide- 
ranging Japanese longline and purse 
seine fisheries. Standardized yellow- 
fin tuna CPUE in the longline fishery 
of Japan in the western Pacific from 
1952 to 1986 (Suzuki, In press) indi- 
cated a drop in CPUE between the 
1950’s and early 1960’s, and a decline 
in the early 1980's (Fig. 4C) similar to 
that seen in Hawaii longline CPUE data 


(Fig. 4A). In more recent years (1983- 
88), Hawaii troll CPUE followed a pat- 
tern that was similar to Japanese 
western Pacific purse-seine CPUE 
(Suzuki, In press; Boggs, In press; 
Skillman et al., 1993). Environmental 
anomalies affecting catchability may 
contribute much of the corresponding 
variation seen in CPUE time series, 
such as the peak in yellowfin tuna CPUE 
that occurred in 1978 (Fig. 4A and 4B). 

An initial increase in bigeye tuna 
CPUE in the early years of the Hawaii 
fishery (Fig. 5A) was explained by 
Shomura (1959) as the result of a 
change in the area fished during winter 
as fishermen learned to target bigeye 
tuna. Set depth also changed between 
the late 1940’s and early 1950’s as the 
practice of buoying up the middle of 
each basket of gear with an extra float 
(June, 1950) was abandoned. Deep gear 
has been shown to be more efficient 


than shallow gear in catching bigeye 
tuna (Hanamoto, 1976; Suzuki et al., 
1977; Boggs, 1992). 

Bigeye tuna CPUE in the Hawaii 
longline fishery (Fig. 5A) and in the 
wide-ranging Japanese longline fish- 
ery (Fig. 5B) (Miyabe, In press) both 
showed downward trends from the late 
1950’s through the 1960’s, a distinct 
drop in CPUE in 1970, a stable period 
in the mid-1970’s, record low levels in 
1980-81, and a slight recovery in the 
mid 1980’s. The correspondence be- 
tween the bigeye tuna CPUE statistics 
for the entire Pacific and for Hawaii is 
remarkable, and strongly suggests that 
local pelagic fish availability is linked 
to the abundance of a widespread popu- 
lation. An alternative hypothesis that 
could apply to all of the pelagic spe- 
cies is that CPUE variation is due to 
widespread changes in catchability as- 
sociated with environmental trends. 
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Figure 5.— Bigeye tuna CPUE time-series showing A) Hawaii longline CPUE (in kg and Ib per 1,000 
hooks) from 1949 to 1956 (fiscal years ending in June, Shomura, 1959), 1959-89 (HDAR data), and 1987- 
89 (NMFS estimates), and B) Pacific-wide longline CPUE (in no. fish per 1,000 hooks) in the Japanese 


fishery from 1952 to 1987 (Miyabe, In press). 
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For bigeye tuna, the Hawaii longline 
CPUE continued to recover in the late 
1980’s (Fig. 5A), whereas Japanese 
CPUE declined (Fig. 5B). The increas- 
ing trend in Hawaii bigeye tuna CPUE 
in the 1980’s brought the CPUE index 
based on NMFS wholesale market 
sample back up to a level slightly higher 
than the average for 1970-78 (Fig. 5A) 
suggesting that local longline fishery 
expansion in the 1980’s did not nega- 
tively affect bigeye tuna availability. 

The blue marlin CPUE time series 
for the Hawaii longline fishery (Fig. 


6A) showed peaks and minima for the 
same years as the Hawaii troll CPUE 
time series (Fig. 6B). The close corre- 
spondence between blue marlin CPUE 
in these two fisheries suggests that both 
CPUE time series reflected true 
changes in availability or catchability 
despite the limitations of the available 
Statistics. 

Blue marlin (Fig. 6A) and striped 
marlin (Fig. 7A) CPUE in the Hawaii 
longline fishery followed a pattern 
similar to Japanese longline CPUE data 
(Fig. 6C and 7B), as noted by Wetherall 


and Yong'® and Skillman and Kamer’. 
This correspondence was not limited 
to the long-term decline in CPUE char- 
acteristic of longline fisheries in all 
oceans. Rather, for striped marlin both 
increases and decreases in CPUE in 
the Hawaii longline fishery (Fig. 7A) 
corresponded with CPUE changes in 
the North Pacific Japanese longline 
fishery (Fig. 7B). 

The sharp increase in longline CPUE 
for blue and striped marlin in 1989 
probably reflected the increased use of 
monofilament longline gear without 
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Figure 6.— Blue marlin CPUE time-series showing A) Hawaii longline CPUE (kg and Ib per 1,000 
hooks) from 1959 to 1989 (HDAR data), and 1987-89 (NMFS estimates), B) Hawaii troll CPUE (in kg 
and Ib per trip) from 1970 to 1991 (HDAR data), and C) Pacific-wide longline CPUE (in t per 1,000 
hooks per 5° square) in the Japanese fishery from 1955 to 1985 (Suzuki, 1989). 
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Figure 7.— Striped marlin CPUE time series showing A) Hawaii longline CPUE (in kg and Ib per 1,000 
hooks) from 1959 to 1989 (HDAR data), and 1987-89 (NMFS estimates), and B) North Pacific longline 
CPUE (in t per 1,000 hooks per 5° square) in the Japanese fishery from 1955 to 1985 (Suzuki, 1989). 


line-throwers, which resulted in shal- 
lower sets and increased the efficiency 
of the gear for marlin (Suzuki, 1989; 
Boggs, 1992). Blue marlin CPUE in 
the troll fishery appears to be at a nor- 
mal level and relatively stable (Fig. 
6B) despite the expansion of Hawaii’s 
pelagic fisheries. 

Mahimahi CPUE in the Hawaii 
longline fishery (Fig. 8A) reached a 
peak in 1972 and a minimum in 1988 
that were mirrored in the Hawaii troll 
and handline CPUE data (Fig. 8B). Troll 
and handline CPUE data corresponded 
with each other very closely. Mahimahi 
CPUE appears to be increasing in both 
the troll and handline fisheries. 


Outlook for the Pelagic Fisheries 


The absence of clear declining trends 
in local CPUE associated with local 
fishery expansion, combined with dis- 
tinctly seasonal variations in CPUE 
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(Shomura, 1959; Yoshida, 1974; 
Skillman and Kamer’), suggests that 
pelagic fish availability in Hawaii was 
most strongly affected by factors other 
than local fishing pressure. Anomalies 
in whatever factors control seasonal 
availability could also be the major 
source of interannual variation in 
CPUE. Research leading to an ability 
to forecast changes in pelagic fish avail- 
ability could ameliorate fishermen’s 
concerns that local fishing pressure has 
decreased fish availability. Develop- 
ment of new methods to locate or pre- 
dict productive fishing areas could 
increase the yield and efficiency of 
Hawaii’s pelagic fisheries. However, 
greatly increased fishing efficiency and 
yield might then have some negative 
impact on local fish availability. 
Decreases in fish availability caused 
by local fishing pressure may have been 
obscured by biases such as increased 


fishing power, expansion into more 
productive fishing grounds, economic 
influences on fishing operations, and 
environmental influences on local 
abundance and catchability. Further 
analysis of catch and effort data as 
well as an improved data collection 
system are needed to attempt to ac- 
count for such biases. However, the 
parsimonious explanation of the avail- 
able data is that locally exploited stocks 
have not yet been impacted by the ex- 
pansion of Hawaii’s pelagic fisheries. 

Long-term declines in the overall 
apparent abundance of many pelagic 
species occurred several decades ago 
(Figs. 4C, 5C, and 6C), before the lat- 
est (1970-91) expansion of Hawaii’s 
pelagic fisheries. Pacific-wide declines 
in CPUE do seem to affect Hawaii’s 
fisheries, and could reflect full exploi- 
tation or even overexploitation of the 
stocks. However, reduction of local 
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Figure 8.— Mahimahi CPUE time series showing (A) Hawaii longline CPUE (kg and lb per 1,000 
hooks) from 1962 to 1989 (HDAR data), and 1987-89 (NMFS estimates), and (B) Hawaii troll and 
handline CPUE (in kg and lb per trip) from 1970 to 1991 (HDAR data). 


fishing effort from current levels would 
not substantially affect stock-wide 
abundance because of the relatively 
small scale of Hawaii’s pelagic fisher- 
ies. An exception might be the night- 
time longline fishery for broadbill 
swordfish, which has been operating 
for too short a time to evaluate. How- 
ever, with annual landings of 4,400 t 
and continued growth, the Hawaii 
swordfish fishery may be expected to 
contribute significantly to total fishing 
mortality on the stock. Historically, 
maximum total Pacific yields of sword- 
fish have been on the order of 20,000 t 
per year (Bartoo and Coan, 1989). 

If fishery managers can prevent 
physical conflicts between the longline 
and small-vessel troll and handline fish- 
eries in Hawaii (Pooley, 1990; Skillman 
et al., 1993), and if adequate markets 
continue to support the profitable op- 
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eration of all fishery sectors, then 
Hawaii’s pelagic fisheries should con- 
tinue to expand. No strong evidence 
suggests that the local availability of 
fish is a factor limiting further expan- 
sion. However, this optimistic assess- 
ment is based on statistics and analyses 
that may be inadequate; therefore, bet- 
ter fishery monitoring systems are 
needed. 
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A Review of Interactions Between Hawaii’s Fisheries 
and Protected Species 


EUGENE T. NITTA and JOHN R. HENDERSON 


Introduction 


Interactions involving commercial 
fisheries and small odontocetes pro- 
tected by Federal statutes have occurred 
in Hawaii since 1948 (Schlais, 1984, 
1985), and reports from fishermen 
about small cetaceans stealing catch 
and bait continue to surface periodi- 
cally throughout the Hawaiian Islands. 
Several species of sea turtles and 
whales are also involved in fisheries 
through entanglement or accidental 
hooking. The threatened and endan- 
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ABSTRACT—Several fisheries in Hawaii 
are known to have interactions with pro- 
tected cetaceans, seabirds, marine turtles, 
or seals. Handline fisheries for bottomfish, 
tuna, and mackerel scad lose bait and catch 
to bottlenose dolphins, rough-toothed dol- 
phins, and Hawaiian monk seals. Troll fish- 
eries for billfish lose live bait to bottlenose 
dolphins, rough-toothed dolphins, alba- 
trosses, and boobies; these fisheries may 
also lose catch to false killer whales. A 
longline fishery for tuna and billfish has 
burgeoned in Hawaii since 1987, result- 
ing in interactions with protected species; 
marine turtles, seabirds, and monk seals 
take bait and are known to become hooked, 
and false killer whales may take catch. 
Research on deterrents or alternative fish- 
ing methods has been limited, and interac- 
tions have been reduced primarily through 
management and regulatory actions. These 
include area closures and gear require- 
ments. An observer program has also been 
established for the bottomfish and longline 
fisheries. 
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gered species involved in fishery in- 
teractions are the Hawaiian monk seal, 
Monachus schauinslandi; humpback 
whale, Megaptera novaeangliae; leath- 
erback turtle, Dermochelys coriacea; 
Olive ridley turtle, Lepidochelys 
olivacea; loggerhead turtle, Caretta 
caretta; hawksbill turtle, Eretmochelys 
imbricata; and green sea turtle, 
Chelonia mydas. Nonendangered ma- 
rine mammals identified as interacting 
with commercial fisheries in Hawaiian 
waters include bottlenose dolphins, 
Tursiops truncatus; false killer whales, 
Pseudorca crassidens; rough-toothed 
dolphins, Steno bredanensis; and spin- 
ner dolphins, Stenella longirostris. 
Among seabirds, which are protected 
by the Migratory Bird Treaty Act of 
1918, albatrosses, Diomedea sp.; and 
boobies, Sula sp., are reported involved 
in fishery interactions. 

This paper describes protected spe- 
cies interactions with Hawaiian com- 
mercial fisheries on a fishery by fishery 
basis. Hawaiian commercial fisheries 
will include the areas fished by the 
distant water fleets originating from 
Hawaii even if outside of the 200-mile 
Exclusive Economic Zone (EEZ) sur- 
rounding the Hawaiian Archipelago. 
Efforts to document and resolve pro- 
tected species/fishery interactions will 
also be described. 


Biology and Status 
of Protected Species 


Small Cetaceans 


Four species of small cetaceans in- 
teract with fisheries in Hawaii, but three 
(bottlenose dolphin, rough-toothed dol- 
phin, and false killer whale) occur 
pelagically as well as within the Ar- 


chipelago. Animals which are sighted 
inshore and interact with fisheries may 
mix with their pelagic conspecifics, but 
the extent of such movement is not 
known. 

The bottlenose dolphin is found 
throughout the Hawaiian Archipelago, 
usually within five miles of emergent 
land or shallow banks (Shallenberger, 
1981). School sizes range from single 
or small groups of 3-10 animals to 
aggregations of more than 100 
(Tomich, 1986). A combined aerial and 
vessel survey of inshore waters adja- 
cent to Oahu, Molokai, Lanai, Maui, 
and Hawaii documented a minimum 
of 430 individuals!. 

The rough-toothed dolphin is found 
near all major islands within the Ar- 
chipelago (Tomich, 1986), and at least 
as far north as French Frigate Shoals 
(JRH, personal observ.). No estimates 
of abundance exist. At least 23 were col- 
lected from Hawaiian waters for ocean- 
aria in 1963-81 (Shallenberger, 1981). 

The false killer whale is found near 
all the main islands, but its occurrence 
and distribution in the Northwestern 
Hawaiian Islands (NWHI) is unknown. 
An aerial survey of the lee areas of 
Oahu, Lanai, and Hawaii documented 
a minimum of 470 individuals, all of 
which were sighted along the north- 
western coast of Hawaii’. 

Spinner dolphins occur in relatively 
discrete schools frequenting inshore 
bays and lagoons within the Archi- 


'Naval Ocean Systems Center, Kaneohe Ma- 
rine Corps Air Station, Kaneohe, HI. 1987. 
Unpubl. aerial survey data. 

2§. Leatherwood and R. R. Reeves. Aerial sur- 
vey for false killer whales off Hawaii, June 
1989. 2146 Fort Stockton Dr., San Diego, CA 
92103. Unpubl. rep., 13 p. 





pelago, from the island of Hawaii to 
Kure Atoll. The largest school (200 — 
250 animals) occurs along the west 
coast of Hawaii from Honokohau Har- 
bor to Kiholo Bay (Norris and Dohl, 
1980). Schools disperse to deep water 
at night to feed and return inshore to 
rest during the day. Some mixing of 
animals between schools may occur 
during feeding forays. 


Humpback Whale 


Humpback whales that winter in 
Hawaii are part of the North Pacific 
population, estimated at 1,200 — 2,000 
animals (Johnson and Wolman, 1984; 
Darling and Morowitz, 1986; Baker 
and Herman, 1987). The Hawaiian 
stock is estimated at 1,407 + 294 (95% 
confidence limits) whales (Baker and 
Herman, 1987). These whales begin 
arriving from North Pacific summer 
feeding grounds in December. The 
number of whales peaks in late Janu- 
ary through February. In April, they 
begin migrating out of Hawaiian wa- 
ters, and by late May or early June the 
last whales usually have departed. A few 
animals have been sighted in the NWHP’. 


Hawaiian Monk Seal 


The only seal native to the Hawaiian 
Islands, the Hawaiian monk seal, is 
found around all of the NWHI and is 
occasionally seen in the main islands. 
The major pupping islands are in the 
NWHI. The total population for the 
five major breeding locations plus 
Necker Island in 1987 was estimated 
to be 1,718 seals* including 202 pups 
of the year (Gilmartin®). Significant 
declines in pupping and juvenile sur- 
vival, particularly at French Frigate 
Shoals since 1989, are cause for con- 
cern for this endangered species. 


3M. Craig, Southwest Fisheries Science Center, 
Honolulu Laboratory, 2570 Dole St., Hono- 
lulu, HI 96822-2396. Personal commun. 1993. 
4This estimate utilizes counts of adult males at 
Lisianski made during the late summer molting 
season, which confounds the total estimate 
somewhat because beach counts at the other 
islands were conducted in the spring. 

5W. G. Gilmartin. 1988. The Hawaiian monk 
seal: Population status and current research ac- 
tivities. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab.,. Southwest Fish. Cent. Admin. Rep. H- 
88-17, 14 p. 
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Sea Turtles 


Five species of sea turtle interact 
with fisheries in Hawaii, but only one, 
the green sea turtle, nests in large num- 
bers in the Archipelago and represents 
a distinct population. There are iso- 
lated nesting sites for hawksbill turtles 
in the main Hawaiian Islands, prima- 
rily on the islands of Hawaii and 
Molokai. The remaining three species 
nest elsewhere in the Pacific Basin. 

Leatherback turtles are commonly 
seen by fishermen in Hawaiian off- 
shore waters, generally beyond the 100 
fathom contour but within sight of 
land. Sightings often occur off the north 
coast of Oahu and the west coast of 
Hawaii. The pelagic zone surrounding 
the Hawaiian Islands likely constitutes 
foraging habitat and migratory path- 
ways for this species. A high-seas ag- 
gregation of leatherbacks is known to 
occur north of the Hawaiian Islands at 
lat. 35°-45°N, long. 175°- 180°W 
(Balazs et al.°; Skillman and Balazs, 
1992). The nesting habitat and origin 
of these turtles are not known. 

Available information suggests that 
the olive ridley turtle regularly uses 
the Hawaiian pelagic region for forag- 
ing and/or developmental migrations. 
Olive ridleys in reasonably good health 
have been found entangled in scraps of 
net or other floating synthetic debris. 
Small crabs, barnacles, and other ma- 
rine life often reside on the debris and 
likely serve as food attractant to turtles. 
Juvenile and subadult olive ridleys are 
among the life stages known to be 
present in Hawaiian waters. Olive rid- 
leys found in Hawaiian waters are prob- 
ably derived from the eastern Pacific 
breeding aggregation of Mexico 
(Balazs et al.°). 

The loggerhead turtle is a cosmo- 
politan species found in temperate and 
subtropical waters. Nearly all nesting 
occurs north of 25°N or south of 25° S. 
Adult loggerheads undertake long re- 
productive migrations between their 


6G. H. Balazs, H. F. Hirth, P. Y. Kawamoto, 
E. T. Nitta, L. H. Ogren, R. C. Wass, and 
J. A. Wetherall. 1992. Interim recovery plan 
for Hawaiian sea turtles. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Sci. Cent., Honolulu Lab., Southwest Fish. Sci. 
Cent. Admin. Rep. H-92-01, 76 p. 


nesting sites and foraging areas. How- 
ever, their dispersal patterns in forag- 
ing areas are not well known for any 
population. In the North Pacific the 
only major nesting beaches are in the 
southern part of Japan (Dodd, 1988). 
Although reliable counts are not avail- 
able, as many as 2,000 —3,000 logger- 
heads may nest annually on beaches 
throughout Japan. Immature logger- 
heads encountered during driftnet fish- 
ing in the North Pacific may originate 
from nesting beaches in Japan, being 
transported to the north and east by the 
Kuroshio Current and its extension 
(Wetherall et al., In press). Logger- 
heads reported taken in the Hawaiian 
longline broadbill swordfish fishery 
may be of the same origin. 

The green sea turtle is found through- 
out the Hawaiian Archipelago. Its dis- 
tribution, however, has been reduced 
in recent historical times; breeding ag- 
gregations have been eliminated, and 
certain foraging areas are no longer 
used in the main Hawaiian Islands 
(Balazs, 1980; Balazs, et al., 1987). 
More than 90 percent of the breeding 
and nesting activity of Hawaiian green 
turtles occurs at French Frigate Shoals, 
in the NWHI. The number of females 
nesting there fluctuates annually. An 
annual mean as high as 300 was re- 
corded during 1973-1982. The total 
mature female population at French 
Frigate Shoals is estimated to be ap- 
proximately 750 animals (Balazs et al.®). 


Seabirds 


All five species of seabirds known 
to interact with fisheries nest on re- 
mote islands throughout the Archi- 
pelago. Recent estimates of abundance 
in Hawaii are 683,500 breeding pairs 
for the two albatross species’, and 
6,590-7,950 breeding pairs for the three 
species of booby (Harrison et al., 1984). 


Fishery Interactions 


Interactions between cetaceans and 
fisheries have been documented in Ha- 
waii since at least the late 1940’s and 


7E, Flint, U.S. Fish and Wildlife Service, Pa- 
cific/Remote Islands NWR Complex, P.O. Box 
50167, Honolulu, HI 96850. Personal commun. 
1993. 
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were exacerbated by installation in 
1979 of a deep-water buoy as part of 
the Ocean Thermal Energy Conver- 
sion (OTEC) project west of the island 
of Hawaii (Schlais, 1984, 1985). This 
buoy proved very productive as a fish 
aggregating device, was popular with 
fisherman from Kona, and became well 
known for schools of dolphins stealing 
bait and catch. Interactions further in- 
creased in the early 1980’s with the 
deployment of fish aggregation devices 
(FAD’s) by the Hawaii Division of 
Aquatic Resources throughout state 
waters. Specific fisheries and the spe- 
cies involved have been documented 
by Mate (1980), Shallenberger (1981), 
and Kuljis®. 

Interactions may be divided into two 
basic types in this region. One involves 
the loss of catch or bait with little or no 
impact to the individual animals from 
the fishing gear or technique, short of 
aversive action taken by the fishermen. 
The other is the hooking or entangle- 
ment of animals in gear whether or not 
catch or bait is the primary stimulus 
for interactions. While documenting 
these two types of interactions is rela- 
tively straightforward, investigating 
how these take place, assessing the 
impact on fisheries and protected spe- 
cies, and developing solutions to inci- 
dental take and loss of catch are much 
more difficult. 

Loss of catch is documented through 
observer reports, interviews with fish- 
ermen, and reports directly from fish- 
ermen through fish catch/interaction 
logs. Entanglements and hookings are 
reported in the same manner. 


Handline Fishery 
for Bottomfish 


Boats in this fishery use 3-6 lines, 
each with 6-15 hooks, usually baited 
with squid. Hooks are spaced in ap- 
proximately 0.5 m intervals and are 
fished at depths of 120-250 m. A chum 
bag containing chopped fish or squid 
may be suspended above the highest 


8B.A. Kuljis. 1983. Porpoise/fisheries interac- 
tions within the Hawaiian Islands. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-88-19C, 16 p. 
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of these hooks. The gear is pulled after 
several fish are hooked. Locations for 
this fishery include the main islands as 
well as banks in the NWHI. 

Both bait and catch have been re- 
ported lost to bottlenose dolphins, and 
schools of dolphins have been reported 
following fishing boats, particularly in 
the NWHI. Danger to fishermen re- 
sults when a dolphin jerks a fish from 
a hook; the dolphin may pull 10-15 m 
of line from the fisherman’s hands, 
exposing the fisherman to the risk of 
open hooks. Interactions with dolphins 
have been reported off the island of 
Hawaii, Kaula Island, and several 
banks in the NWHI. Dolphins may be 
attracted by undersized fish or unmar- 
ketable species (e.g., kahala, Seriola 
dumerili) which are discarded during 
fishing operations. In some cases after 
consuming a few fish the dolphins will 
continue to remove fish from the lines 
and “play” with them. 

Interactions between Hawaiian monk 
seals and the bottomfish fishery have 
occurred in the main Hawaiian Islands 
and the NWHI. A female Hawaiian 
monk seal was observed with an “ulua” 
hook in its mouth on Kauai in October 
1989. The hook was removed from the 
seal with no apparent serious afteref- 
fects’. A Hawaiian monk seal was pho- 
tographed at French Frigate Shoals with 
a bottomfish hook in its mouth in 1982. 
The seal was later observed alive with- 
out the hook (Henderson, 1985). Like 
dolphins, monk seals may be attracted 
by discarded bycatch (Fig. 1). 

Reports of monk seals and bottle- 
nose dolphins taking bottomfish off 
fishing lines from around Necker Is- 
land and Kaula Island were received 
from commercial fishermen in 1983- 
1987!°. In 1991 and 1992 observer trip 
reports from the bottomfish fishery 
documented monk seals and bottlenose 
dolphins taking fish off of lines in the 
NWHI. A rate of one interaction event/ 


°W. Gilmartin. Southwest Fisheries Science 
Center, Honolulu Laboratory, 2570 Dole St., 
Honolulu, HI 96822-2396. Personal commun. 
1993. 

10 BE. W. Shallenberger. 1983. 1440 Woodland 
Ave., Anacortes, WA 98221. Unpublished re- 
port to the Marine Mammal Commission and 
personal commun. 1991. 


34.4 hours of fishing was calculated 
for monk seals and a rate of one inter- 
action event/24.3 hours for bottlenose 
dolphins based on observer reports 
through July 1992!!. 


Day Handline Fishery 
(Palu-ahi) for Tuna 


Boats in this fishery use 3-5 lines, 
each with a single hook, baited with 
mackerel, mackerel scad, or squid, and 
fished at a depth of up to 150 m. The 
fishery targets both skipjack and yel- 
lowfin tuna. The location for this fish- 
ery is primarily off the southeast and 
west coasts of the island of Hawaii, 
often in association with FAD’s in other 
areas of the main Hawaiian Islands as 
well. Bottlenose dolphin and rough- 
toothed dolphin take both bait and 
catch. 


Night Handline Fishery 
(Ika-shibi) for Tuna 


Bigeye tuna and yellowfin tuna are 
taken in this night handline fishery at 
the edge of the island shelf near the 
1,000 fathom contour from 2 to 20 km 
from shore. This fishery occurs pre- 
dominantly south of the island of Ha- 
waii from Hilo to around Captain Cook, 
but also occurs around FAD’s through- 
out the main islands. The boats use 20 
—30 watt bulbs underwater or over the 
surface to attract squid, Stenoteuthis 
oualeniensis which is caught for bait 
or market. Other baits include frozen 
mackerel or squid. The bait is typi- 
cally fished at 30 m depth. Loss of 
catch and bait as well as poor catch 
rates have been attributed to bottle- 
nose dolphins. Poor catch has also been 
attributed to sharks. 


Handline Fishery 
for Mackerel Scad 


This fishery takes place at night, pri- 
marily off the west shores of Oahu and 
the island of Hawaii. Lights are used 
to illuminate an area around the boat, 
and a line with several hooks, either 


'! J. K. Hale and C. W. Coon. 1993. Summary 
report - Bottomfish observer trips in the North- 
western Hawaiian Islands, October 1990 to June 
1992. Pacific Area Office, Southwest Region, 
2570 Dole St., Honolulu, HI 96822-2396. 
Unpubl. rep. 
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Figure 1.—Hawaiian monk seal consuming a discarded kahala (photo by Frank LaSorte, NMFS). 
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baited or with feathered jigs, is fished 
at 15-25 m. Bottlenose dolphin have 
been observed taking catch, but not 
bait or lures. Fishermen may be 
snagged by open hooks when dolphins 
take the catch and run with it. 


Trolling for Billfish and Tuna 


This fishery is a sport and commer- 
cial fishery located in waters near Ho- 
nolulu and along the Kona (west) coast 
of the Island of Hawaii. Gear involves 
trolling lures or live bait near the sur- 
face. Catches of both billfish (marlin 
and spearfish) and tuna have been re- 
ported taken by false killer whales 
(Zimmerman, 1983). One fisherman 
reported a false killer whale surfacing 
immediately astern of his boat holding 
the catch (a marlin) crosswise in its 
jaws (Zimmerman, 1983). Catch may 
either be damaged or removed from 
the hook entirely. Rough-toothed dol- 
phins, bottlenose dolphins, albatrosses, 
and boobies have also been observed 
taking live bait. 


Longline Fishing for Tuna 
and Billfish 


The Hawaiian longline fishery for 
broadbill swordfish has developed rap- 
idly since 1987 when fewer than 40 
vessels were in the fleet, landing less 
than 30,000 pounds of broadbill sword- 
fish, a bycatch product of the tuna 
longline fishery. As of September 1992, 
the Hawaiian longline fishing fleet 
comprised about 165 vessels with per- 
mits, of which approximately 100 were 
active. Up to 40 of these vessels have 
been recorded as targeting broadbill 
swordfish in the NWHI. 

The major fishing grounds for 
broadbills in the central Pacific region, 
traditionally exploited by foreign 
longliners, lie approximately 1,000 
miles north of the Hawaiian Islands 
(25°— 40°N.). Local longliners have 
fished closer to the islands, especially 
off the NWHI around “66 Fathom 
Bank” near French Frigate Shoals, St. 
Rogatien and Brooks Banks, and 
Gardner Pinnacles. A typical set con- 
sists of 16-48 km of monofilament line 
having as many as 700—1,000 branch 
(leader) lines and an equal number of 
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hooks. The leader line is relatively short, 
9-18 m long, to which is attached a “night 
lightstick” (a luminescent lure) about 76 
cm above a broad, flat hook (8/0-9/0 
Mustad). Whole squid is the preferred 
bait for catching broadbills. The longline 
is set in the evening and retrieved early 
the next morning. 

Midwater longlines are used to catch 
bigeye and yellowfin tuna in the tuna 
longline fishery. A main line is suspended 
from buoys, and dropper lines are at- 
tached to the main line. Hooks are baited 
with whole fish of several species. Lines 
are usually deployed from vessels larger 
than 15 m. Main lines are frequently more 
than 32 km long with 1,000—1,400 hooks. 
Although yellowfin and bigeye tuna are 
the targeted species, swordfish, albacore, 
sailfish, marlin, shortbill spearfish, and 
sharks are often caught. 

Until recently, interactions between 
monk seals and the longline fishery 
were not believed to constitute a prob- 
lem in the NWHI. Events in 1990 and 
1991 indicated that monk seal interac- 
tions were occurring at a level and in a 
manner not previously considered. 
Seven injured seals were observed dur- 
ing a survey of monk seals and turtles 
at French Frigate Shoals in May 1990!?. 
All had head injuries ranging from 
abrasions to gaping wounds which 
could not be attributed to shark attack 
or harassment by adult male seals. In 
early 1991 nine monk seals with evi- 
dence of injury as a result of interac- 
tion with the longline fleet were 
reported or observed. 

Sea turtle interactions with the 
longline fishery in the NWHI were also 
reported for this period. During the 
NMFS field surveys conducted in May 
1990, a green turtle was found on Trig 
Island at French Frigate Shoals with 
monofilament line similar to longline 
leader protruding from its mouth." 
Olive ridley, loggerhead, and green 
turtles have been reported taken on 
baited hooks and snagged on longline 
hooks in the NWHI", but there is some 


"NMFS field survey report. May 18, 1990. 
Southwest Fish. Sci. Cent., Honolulu Lab., 2570 
Dole St., Honolulu, HI 96822-2396. 

'3$ee footnote 12. 

'4NMFS longline logbook reports, 1991. Pa- 
cific Area Office, Southwest Region, 2570 Dole 
St., Honolulu, HI 96822-2396. 


question regarding identification of the 
species involved. Regardless, prelimi- 
nary analysis of logbook data from the 
Hawaii longline fishery indicates a sig- 
nificant take of sea turtles. For 1991, 
61 total takes with 3 mortalities were 
reported. Leatherback turtles consti- 
tuted the largest percentage of turtles 
taken (61%, 38 individuals) and green 
turtles were reported as the second 
highest (31%, 19 individuals)!>. 

Based on logbook reports false killer 
whales are identified as taking catch in 
all pelagic longline fisheries as has been 
reported in other longline fisheries in 
the Pacific. A 1990 observer report 
described catch loss to a solitary killer 
whale, Orcinus orca, on one set in mid- 
Pacific waters (Dollar'®). In 1991 a hump- 
back whale was observed entangled in 
longline gear in the EEZ off the NWHI 
(Dollar'® '”) and a second was reported 
entangled in longline gear off Lanai. 

From January through September 
1992, longline logbook data indicated 
up to 68 albatrosses killed or injured 
over 947 reported trips. There is no 
distinction made in the logbooks be- 
tween species of albatrosses. 


Other Fisheries 
Inshore Monofilament Gillnets 


Small-mesh (about 5 cm stretched 
mesh) gillnets are commonly set on the 
shallow reefs around all the main islands 
and allowed to soak overnight, usually in 
water less than 10 m depth. In 1992-93 
the State of Hawaii received 288 appli- 
cations for permits that listed nets as the 
primary gear. Gill net was specified in 
161 additional applications for permits. 
This fishery targets inshore reef fish. 
Interactions with protected species 
have been reported. One bottlenose 
dolphin calf was recovered from a gill 
net off Maui in 1991'8, but bottlenose 


'SSee footnote 14. 

'6R. A. Dollar. 1991. Summary of swordfish 
longline observations in Hawaii, July 1990- 
March 1991. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Sci. Cent., 
Honolulu Lab., Southwest Fish. Sci. Cent. 
Admin. Rep. H-91-09, 13 p. 

'7§ee also footnote 11. 

'8Stranding Report ETN 91-03, Hawaii Marine 
Mammal Stranding Network. Pacific Area Of- 
fice, Southwest Region, 2570 Dole St., Hono- 
lulu, HI 96822-2396. 





dolphins are rarely reported entangled 
or raiding set gill nets in Hawaii; this 
is somewhat surprising, since they 
readily remove akule, opelu, bottom- 
fish, and small tunas from handlines 
and trolling lines. 

There are records of spinner dol- 
phins being taken in nets or net frag- 
ments in Hawaiian waters (Rizzuto, 
1988, 1989), and there is an eyewit- 
ness account of a spinner dolphin re- 
moved from an inshore gillnet on Oahu 
and buried on the beach in 1990!9. One 
confirmed interaction between Hawai- 
ian monk seals and inshore mono- 
filament gill nets has been reported 
from the main Hawaiian Islands. A 
Hawaiian monk seal was reported 
drowned in a gill net near Poipu, Kauai, 
in 197679. Green turtles are periodi- 
cally caught in inshore monofilament 
gill nets set around the main Hawaiian 
Islands. At least 43 (25%) and possi- 
bly as many as 86 (50%) of the 171 dead 
green turtles stranded in Hawaii in 1991 
were likely entangled in these gill nets”!. 
A hawksbill turtle was recovered from a 
monofilament gill net in Kaneohe Bay, 
Oahu, in 1977 (Balazs, 1978). 


Lobster Fishery 


The commercial spiny lobster fish- 
ery around the main Hawaiian Islands 
represents a small percentage of Ha- 
waii’s total fishery. The primary com- 
mercial fishing grounds are found in 
the NWHI, and the fishery is governed 
by a Federal fishery management plan. 
Consistent commercial-scale opera- 
tions began in the NWHI in 1976, with 
most vessels processing frozen lobster 
tails on-board and a few vessels deliver- 
ing live lobster to a specialized market. 

Gear used initially in the NWHI fish- 
ery was a version of the California 
two-chambered trap or the wooden- 
lath Florida pot, deployed on a main 


19M. Hoffhines. University of Hawaii, Kewalo 
Basin Marine Mammal Laboratory, 1129 Ala 
Moana Blvd., Honolulu, HI 96814. Personal 
commun. 1992. 

20Internal NMFS stranding report, March 16, 
1976. Pacific Area Office, Southwest Region, 
NMFS, Honolulu, HI 96822-2396. 

21G. Balazs. Southwest Fisheries Science Cen- 
ter, Honolulu Laboratory, 2570 Dole St., Ho- 
nolulu, HI 96822-2396. Personal commun. 
1991. 
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line and spaced at intervals of 2 to 10 
m. Each main line had 75 to 150 traps, 
and vessels carried an average of 300 
traps. Traps were set each day before 
sunset between 55 and 90 m depth, 
fished overnight, and retrieved the next 
morning. By 1985 virtually the entire 
fleet of 16 active vessels (compared 
with 4 active vessels in 1983) had con- 
verted to the black plastic crab pot 
which is used in the Alaska crab fish- 
eries. This dome shaped pot is single 
chambered, has two entrance funnels, 
and can be folded in half to increase a 
vessel’s trap carrying capacity. Be- 
tween 1983 and 1985, during the con- 
version from the two-chambered 
California pot and Florida pot to the 
black plastic trap, the number of active 
vessels increased from 4 to 16 and the 
total trap carrying capacity of the ac- 
tive fleet increased from 1,200 to 
12,250. From 1983 to 1990 the aver- 
age trap carrying capacity of the lob- 
ster vessels in the NWHI fleet increased 
from 300 to over 1,000, with the num- 
ber of active vessels fluctuating be- 
tween 4 and 16 (Dollar and Landgraf”?). 
The black plastic pots are fished in the 
same manner as the old traps. 

A monk seal was entangled and 
drowned in the trap bridle and main 
lines of a string of lobster traps in the 
vicinity of Necker Island in 19867. 
This is the only reported mortality of a 
Hawaiian monk seal associated with 
the spiny lobster fishery in the NWHI 
since the Crustaceans Fishery Manage- 
ment Plan (FMP) went into effect in 1983. 
In 1980 an adult leatherback turtle was 
entangled in a mainline of a string of 
lobster traps near Kure Atoll. The turtle 
was released alive (Humphreys”*). 


?2R. A. Dollar and K. C. Landgraf. 1992. An- 
nual report of the 1991 western Pacific lobster 
fishery. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Sci. Cent., Hono- 
lulu Lab., Southwest Fish. Sci. Cent. Admin. 
Rep. H-92-10, 26 p. 

23NMFS lobster logbook report, November 
1986. Pacific Area Office, Southwest Region, 
NMFS, 2570 Dole St., Honolulu, HI 96822- 
2396. 

4R. L. Humphreys, Jr. 1981. Hawaiian monk 
seals and sea turtle — sightings and direct in- 
teractions with fishing operations in the 
Northwester Hawaiian Islands. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-81-6, 18 p. 


Miscellaneous and 
Unidentified Gear 


Reports between 1986 and 1992 of 
at least three incidents of humpback 
whales dragging unidentified pieces of 
netting around Kauai and Maui appear 
to demonstrate that some interaction 
between whales and fisheries occurs. 
The disposition of these animals is un- 
known, as are the sites where entangle- 
ments occurred. In 1992 a humpback 
whale mother and calf were found en- 
tangled off the east coast of the island 
of Hawaii in gear similar to longline 
deployed from shore. The animals were 
subsequently disentangled and released 
alive by the U.S. Coast Guard (ETN, 
personal observ.). 

Green turtles have been reported 
hooked and entangled in the flippers 
and body and taken on baited hooks 
from shoreline pole-and-line fishermen 
around the main Hawaiian Islands”. 
Protected species, especially Hawai- 
ian monk seals and often green sea 
turtles, are susceptible to entanglement 
in lost and discarded fishing equip- 
ment, including lines, nets, and other 
plastic flotsam. These entanglements 
represent secondary interactions, i.e., 
interactions with gear no longer ac- 
tively being used, and as such are be- 
yond the scope of this paper. However, 
it is often difficult to determine whether 
an entanglement occurred during active 
fishing or after the gear had been lost. 


Research 


The first reports of attempts, such as 
shooting, to deter bottlenose dolphins 
from taking catch were received by the 
NMFS in the early 1970’s. Although 
many methods were tried to deter pre- 
dation by dolphins, none proved suc- 
cessful. Methods included rigging live 
baits with wire, hooks, or foil to con- 
found the animals’ sonar (Schlais, 
1985), injecting citric acid into the baits 
to develop a taste aversion for certain 
species of fish?®, and using various 


25G. Balazs. Southwest Fisheries Science Center, 
Honolulu Laboratory, 2570 Dole St., Honolulu, 
HI 96822-2396. Personal commun. 1992. 

26J, J. Naughton. 1981. Trip report on porpoise- 
fisheries interaction, Kona, Hawaii, November 
2-4, 1981. Pacific Area Office, Southwest Re- 
gion, Natl. Mar. Fish. Serv., Honolulu, HI 
96822-2396. Unpubl. rep. 4 p. 
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noisemakers including explosive, me- 
chanical, and electronic devices. The 
unconfirmed use of poisons in bait was 
also reported during this time. Food 
aversion was investigated by the NMFS 
in 19802’ as a potential method of de- 
terring cetaceans. The results proved 
inconclusive. Complaints to NMFS 
from fishermen continue and appear to 
peak in cycles of 3 to 5 years, covering 
all fisheries from longline and live bait 
troll fisheries for pelagic species to 
handlining for bottomfish and mack- 
erel scad. 

Sound generators were tested on pin- 
nipeds in California and Oregon with 
mixed results. In some cases the acous- 
tic harassment was successful in ini- 
tially deterring pinniped predation on 
various species of fish. However, the 
animals either habituated to the sounds 
or ignored them (Mate and Harvey, 
1987). Masking or confusing sounds 
proved ineffective. 

Any future investigations of aversive 
techniques for small cetaceans will 
have to consider stimuli strong enough 
to be physically painful but not injuri- 
ous, particularly under the current regu- 
latory regime. This is particularly 
difficult because of the behavior and 
adaptability of bottlenose dolphins and 
perhaps other species such as false 
killer whales to new stimuli. The at- 
traction for food is secondary, and the 
challenge or stimulus of taking fish 
may be the primary motivating factor 
for some individual animals. The use 
of aversive techniques may provide 
greater motivation for these animals to 
solve the “problem” or “play the game.” 

Other avenues of research which 
could be considered are the use of con- 
specific social sounds that indicate 
threat or alarm which might serve to 
confuse some of the more socially ori- 
ented small cetaceans and the use of 
pheromones as distractants. 

There has been no directed investi- 
gation of alternative fishing methods 
or other means of reducing the poten- 


27B. A. Kuljis, C. S. Baker, and W. G. Gilmartin. 
1981. Effects of lithium chloride on a Pacific 
bottlenose dolphin (Tusiops gilli). Presented 
abstract, Fourth Biennial Conference on the 
Biology of Marine Mammals, December 14— 
18, 1981, San Francisco, Calif. 
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tial for incidental take in Hawaii. Most 
of the effort to reduce incidental take 
of sea turtles results from regulatory 
actions that limit fishing effort through 
closed areas and limited entry and re- 
strictions on the level of allowable inci- 
dental take. Altered fishing methods may 
serve to diminish seabird interactions in 
the longline fishery (Brothers, 1991). Set- 
ting and retrieving gear during the night, 
a voluntary measure taken by longline 
fishermen, appears to have reduced the 
incidental take of seabirds in this fishery. 


Management and Regulation 


Statutory and Regulatory 
Implications 


Since 1972 various regulatory re- 
gimes have been implemented in re- 
sponse to fishery interactions. The 
Endangered Species Act of 1973 (ESA) 
and the Marine Mammal Protection Act 
of 1972 (MMPA) are the two primary 
Federal statutes that protect marine 
mammals and threatened and endan- 
gered species in Hawaiian waters, and 
the Migratory Bird Treaty Act of 1918 
protects seabirds. The Magnuson Fish- 
ery Conservation and Management Act 
of 1976 (MFCMA) also provides man- 
agement authority to protect these spe- 
cies in fisheries governed by FMP’s. 

The ESA prohibits the taking of en- 
dangered species except under limited 
circumstances. These include, but are 
not limited to, scientific research un- 
der permit, actions taken by personnel 
authorized by the NMFS or USFWS to 
salvage or rescue a stranded or distressed 
endangered animal, and an allowable 
level of take (except for certain marine 
mammals) set forth during consultation 
for a specific Federal activity under Sec- 
tion 7 of the ESA. Incidental take of 
listed sea turtles may be authorized, but 
no take can be authorized for Hawaiian 
monk seals or humpback whales. 

The MMPA allows the incidental 
take of marine mammals during com- 
mercial fishing operations under cer- 
tain conditions. Depleted marine 
mammal species, including Hawaiian 
monk seals, cannot be intentionally le- 
thally taken. Under the 1988 amend- 
ments to the MMPA, some levels of 
mortalities of nonendangered and 


nondepleted marine mammals have 
been determined for specific fisheries. 
Nonlisted cetaceans may be taken in- 
cidentally or harassed, but not inten- 
tionally killed or injured, again for 
specific fisheries. 


Historic Context 


Prior to 1988 the MMPA allowed 
the NMFS to issue general incidental 
take permits to commercial fishermen 
operating within the U.S. EEZ. This 
exception to the general moratorium 
on the taking of marine mammals was 
permitted provided that the marine 
mammal stocks involved were within 
OSP”® levels, that the takings would 
not disadvantage the stocks, and that 
the issuance of the permits were con- 
sistent with the purposes and policies 
of the MMPA. 

From 1981 to 1988 commercial fish- 
ermen operating in Hawaiian waters 
who participated in fisheries affected 
by small cetaceans were covered un- 
der a general permit which allowed 
harassment of these animals without 
injury or mortality. Reports of harass- 
ment were required under the permit, 
but few were actually received. Com- 
plaints of catch loss far exceeded re- 
ports of harassment. The high point of 
participation occurred in 1982 when 
77 certificates of inclusion were is- 
sued to commercial fishermen allow- 
ing them to operate under the general 
permit. Since 1988 there have been 
few written reports of interactions from 
non-FMP regulated fisheries in Hawaii. 
An estimate of economic loss to the 
various fisheries has not been made 
but may be substantial in relation to 
the size of the fisheries. 

A district court ruling in 1987 in- 
validated a permit issued to a Japanese 
fishing cooperative for the incidental 
taking of Dall’s porpoise because spe- 
cies for which permits could not be 


28OSP (optimum sustainable population) as de- 


fined in the MMPA means, “... with respect 
to any population stock, the number which will 
result in the maximum productivity of the popu- 
lation or the species, keeping in mind the carry- 
ing capacity of the habitat and the health of the 
ecosystem of which they form a constituent 
element.” Marine Mammal Protection Act of 
1972, 86 Stat. 1027, 16 U.S.C. 1361-1407, P. 
L. 92-522. 





issued would also be taken during fish- 
ing operations. Under this judicial in- 
terpretation NMFS could issue permits 
for only a few species of marine mam- 
mals for which OSP levels were known 
(none in Hawaii). In order to provide a 
temporary means of obtaining reliable 
information about marine mammal/ 
fisheries interactions, while allowing 
commercial fishing to continue, Con- 
gress passed the 1988 Amendments to 
the MMPA which established the In- 
terim Exemption for Commercial Fish- 
eries (Interim Exemption). Under the 
Interim Exemption fisheries were cat- 
egorized according to the likelihood of 
incidentally taking marine mammals. 
Observer programs to monitor marine 
mammal interactions and reporting re- 
quirements were also established by 
the Interim Exemption. 

All domestic Hawaiian fisheries 
have been classified by NMFS as Cat- 
egory III, with incidental takings of 
marine mammals unknown and/or con- 
sidered extremely unlikely. This does 
not mean that no interactions occur, 
only that marine mammals would not 
normally be hooked, snagged, injured, 
or killed during fishing operations. In- 
teractions as well as accidental lethal 
takes are to be reported to the NMFS. 

The Interim Exemption expired 
1 October 1993. The NMFS was re- 
quired to develop a regime to govern 
the incidental taking of marine mam- 
mals associated with commercial fish- 
ing operations after 1 October 1993. 


Fishery Management Plans 


Four FMP’s are in effect in the U.S. 
EEZ around Hawaii—Precious Corals, 
Crustaceans, Bottomfish, and Pelagics. 
Protective measures for marine mam- 
mals and threatened and endangered 
species are generally incorporated into 
FMP’s as they are developed. Because 
of concerns regarding interactions be- 
tween Hawaiian monk seals and the 
spiny lobster fishery in the NWHI, spe- 
cific conservation measures were in- 
corporated into the Crustaceans FMP 
as it was being developed. These mea- 
sures included closed areas within 10 
fathoms of the islands in the NWHI, a 
20-mile fishing refugium around 
Laysan Island, a trap opening size re- 
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striction of 6.5 inches, NMFS author- 
ity to place observers on lobster ves- 
sels upon request, and a protocol by 
which the NMFS could institute emer- 
gency protection for monk seals if a 
problem involving the fishery arose. 
Only the fishery for precious corals 
has not reported an interaction with 
marine mammals, sea turtles, or sea 
birds in fisheries governed by the four 
existing FMP’s. 

Section 7 consultations under the 
ESA for the Crustaceans, Bottomfish, 
and Pelagics FMP’s concluded that 
these fisheries would not likely jeop- 
ardize the continued existence of the 
Hawaiian monk seal if certain gear and 
reporting requirements were included 
in the implementing regulations for 
these fisheries. Because of recent de- 
velopments in the broadbill swordfish 
fishery, the Pelagics FMP is now be- 
ing monitored based on Section 7 re- 
quirements. The longline fishery and 
bottomfish fishery are discussed to- 
gether in this section because the man- 
agement issues are tied to the geographic 
area of the NWHI and involve interac- 
tions with Hawaiian monk seals. 

Allegations of Hawaiian monk seal 
interactions with the longline broadbill 
swordfish fishery in the NWHI sur- 
faced in April 1990. NMFS field sur- 
veys in May 1990 found seven injured 
Hawaiian monk seals in the NWHI with 
possible evidence of interactions with 
the longline fishery. Subsequent inter- 
views by NMFS special agents with 
captains and crews of 28 vessels re- 
turning from the NWHI did not gener- 
ate sufficient information for enforce- 
ment action. However, there was 
enough consistency in reports to indi- 
cate that measures were needed to ob- 
tain definitive information on possible 
impacts on protected species from the 
longline and bottomfish fisheries. 

In June 1990 the Western Pacific 
Fishery Management Council (Coun- 
cil) considered this issue. The Council 
proposed that NMFS implement the 
following: 1) A permit and logbook 
reporting system for the pelagic 
longline fishery and 2) a program to 
place observers on selected longline 
and bottomfish vessels operating in the 
NWHL. Although not required by regu- 


lation, observers were placed aboard 
one bottomfish and six longline ves- 
sels on a voluntary basis between July 
and October 1990 and reported inter- 
actions with sea birds, sea turtles, 
whales, dolphins, and monk seals. 
Emergency regulations were subse- 
quently implemented by the NMFS in 
November 1990 restricting longline 
and bottomfishing operations within 50 
n.mi. of selected islands in the NWHI 
(protected species zone). This was in- 
tended to provide a “safe zone” where 
Hawaiian monk seals were most likely 
to occur. These restrictions were waived 
on a trip by trip basis however, provided 
the operator of the vessel allowed NMFS 
the opportunity to place an observer 
aboard to document and describe inter- 
actions with protected species. 

Concerns increased after further re- 
ports, in January 1991, of monk seals 
observed with hooks (long pieces of 
monofilament line attached) imbedded 
in their bodies and with severe injuries 
that appeared to be the result of inter- 
actions with fishing operations. As a 
result the protected species zone was 
expanded to include all NWHI and was 
closed to longline fishing in April 1991, 
through emergency regulation. 

Amendments were subsequently 
implemented to both the Bottomfish 
FMP and the Pelagic FMP making 
these emergency regulations perma- 
nent. Specifically, Amendment 4 to the 
Bottomfish FMP restricted bottom- 
fishing in the protected species zone 
which includes the area within 50 n.mi. 
of the islands and atolls in the NWHI 
from Nihoa Island to Kure Atoll. These 
restrictions can be waived on a trip by 
trip basis however, provided the op- 
erator of the vessel allows NMFS the 
opportunity to place an observer 
aboard. Amendment 3 to the Pelagics 
FMP prohibited fishing in the protected 
species zone which includes the 100 
n.mi. wide corridors between islands 
in the NWHI where the zones are not 
contiguous. Logbook reporting of in- 
teractions is also required of longline 
vessels in order to obtain information 
regarding interactions outside the pro- 
tected species zone. 

Observer coverage became manda- 
tory in November 1990 for bottomfish 
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vessels because of the proximity of 
their fishing operations to the banks 
and islands of the NWHI, and the evi- 
dence of interactions between protected 
species and the fisheries in this area. 
The area from Nihoa Island to Necker 
Island comprises the Mau Zone. The 
Ho’omalu Zone is a limited entry fish- 
ing zone and comprises the area from 
French Frigate Shoals to Kure Island 
(Fig. 2). All vessels which bottomfish 
in either the Mau or Ho’omalu Zones are 
required to place onboard observer se- 
lected by NMFS. Target observer cover- 
age is currently set at 30 percent annually. 


Future Prospects 


The probable trends in protected spe- 
cies/fishery interactions in Hawaii are 
difficult to assess, but interactions will 
likely increase. Fishing effort is also 
likely to grow and place the various 
fish stocks under greater pressure, as 
an increasing human population de- 
mands more food resources. With the 
protection afforded by the ESA and 
MMPA, certain species, such as the 


humpback whale, will probably con- 
tinue to recover from the low levels to 
which they were reduced by exploita- 
tion, and such increases may result in 
more interactions. Finally, continued 
environmental awareness, together 
with increased fishing pressure, will 
likely result in greater scrutiny of fish- 
eries, resulting in more restrictions, 
regulations, and reporting require- 
ments. Regardless of the difficulties in 
predicting trends and developing solu- 
tions for protected species/fisheries in- 
teraction problems, at the minimum, 
the variables that need to be monitored 
include population levels of the differ- 
ent species involved, fishing effort, and 
rates of interaction. 

The following research and manage- 
ment tasks address both long- and short- 
term needs for the conservation and pro- 
tection of marine mammals and other 
protected species in Hawaiian waters. 

1) Accurate, timely, and consistent 
documentation of interactions; 

2) Elimination of inshore gillnets and 
set nets; 


3) Assessment of the status of stocks 
of all protected species which interact 
with fisheries; 

4) Development of alternative fish- 
ing methods which reduce or eliminate 
interactions with small cetaceans; and 

5) Where interactions cannot be 
eliminated or mitigated by other means, 
development of management schemes 
which allow for incidental take of se- 
lected species of marine mammals in 
Hawaiian waters provided that the 
stocks of marine mammals are not ad- 
versely affected. 

Many of the tasks identified above 
rely upon the cooperation of a number 
of agencies and will be affected by the 
restrictions and requirements of the 
applicable Federal and state statutes. 
Given the biology of the protected spe- 
cies involved in fishery interactions, 
the current and likely future regulatory 
regimes, and the nature and locations 
of the Hawaiian fisheries, the interac- 
tion problems identified ultimately may 
have no legal or practical solutions. 
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Economics and Hawaii’s Marine Fisheries 


Introduction 


Fishing and seafood consumption 
permeate society in Hawaii, although 
neither the total volume of seafood har- 
vesting nor the market value of sea- 
food is a particularly large share of the 
state’s economic activity.! Seafood 
consumption is an integral aspect of 
Hawaii’s culture, from traditional 
Polynesian uses of nearshore and reef 
species to the importance of seafood in 
Asian cultures. As a result of cultural 
adaptation by the rest of the popula- 
tion and energetic promotion of local 
seafood in restaurants oriented toward 
tourism, per capita seafood consump- 
tion in Hawaii is high, and a very large 


'The ex-vessel value of Hawaii’s commercial 
fishery is less than 2/10% of gross state prod- 
uct, while the wholesale value of the seafood 
market (including imports) is less than 5/10%. 
(General statistics for Hawaii are taken from 
the State of Hawaii Data Book, 1990. Dep. Plan- 
ning and Econ. Development. Honolulu, Hawaii.) 
2wW. K. Higuchi and S. G. Pooley. 1985. 
Hawaii’s retail seafood volume. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-85-06, 16 p. 


Samuel G. Pooley is with the Honolulu Labora- 
tory, Southwest Fisheries Science Center, Na- 
tional Marine Fisheries Service, NOAA, 2570 
Dole Street, Honolulu, Hawaii 96822-2396. 





ABSTRACT—This paper reviews eco- 
nomic research conducted on Hawaii’s ma- 
rine fisheries over the past ten years. The 
fisheries development and fisheries manage- 
ment context for this research is also consid- 
ered. The paper finds that new approaches 
are required for marine fisheries research in 
Hawaii: A wider scope to include other ma- 
rine resource and coastal zone issues, and 
increased and closer collaboration between 
researchers and the fishing community. 
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percentage is fresh fish (Higuchi and 
Pooley”; East-West Research Inst.3). 

Fishing and seafood marketing also 
have been important bridges into com- 
mercial society for several immigrant 
groups, from the Japanese, Chinese, 
and Portuguese who came to Hawaii 
as plantation workers at the turn of the 
century to Koreans and North Ameri- 
cans who came for more varied rea- 
sons over the past 20 years. Fishing 
has also been important in tourism, 
particularly for Kailua-Kona on Ha- 
waii (the Big Island), through the pro- 
motion of deep-sea fishing and sport 
fishing tournaments. 

Hawaii is not the “paradise” pro- 
moted by the tourism industry, although 
probably for most people living here it 
is the only place to live. Hawaii is a 
densely populated state,* with an 
economy dominated by tourism (as 
much as 50% of the gross state prod- 
uct) and with a natural resource policy 
dominated by land use and coastal zone 
development issues. Nonetheless, sub- 
sistence fishing in rural areas and rec- 
reational fishing for city residents are 
important releases from urban culture, 
as well as sources of food and income. 

With this in mind, the following sec- 
tions attempt to delineate important 
components of the economics of 
Hawaii’s fisheries. However, there has 
been no comprehensive survey of rec- 
reational and subsistence fishing activ- 
ity in Hawaii, and economic surveys have 
been episodic. Thus the information with 


sEast-West Research Inst. 1989. Hawaii sea- 
food consumption: a survey of seafood con- 
sumption in Hawaii. Contract Rep., State of 
Hawaii, Dep. Business and Economic Devel- 
opment, Honolulu, Hawaii. 

4The Island of Oahu, on which Honolulu 
sprawls, has a density greater than New Jersey, 
the most densely populated state. 


which to estimate the economic value of 
the Hawaii fishery is limited. 


Economic Values 


Determining the economic value of 
Hawaii’s marine fisheries is not sim- 
ply a process of adding up commercial 
values, nor the straightforward valua- 
tion of subsistence and recreational re- 
sources and cultural practices, nor even 
a recitation of the kind of economic 
processes which affect the use, devel- 
opment, and management of these re- 
sources. The common yardstick for 
determining the economic value of 
commercial fisheries is ex-vessel rev- 
enue from the sale of harvested fish 
(and shellfish). In Hawaii, where there 
is essentially no processing industry, 
this is a good start. Ex-vessel revenue 
from Hawaii’s commercial fisheries has 
been estimated at $50 million in 1990 
(Pooley, unpubl. data).> This revenue 
was generated from 21 million pounds 
(9,500 t) of marine fish landed in Ha- 
waii by Hawaii-based fishing vessels. 
The composition of ex-vessel revenue 
by the major fleet components is shown 
in Figure 1. 

However, there are three additional 
direct components to the economic 
value of Hawaii’s marine fisheries: rec- 
reational fishing values, subsistence 
fishing values, and charter fishing val- 
ues.° First, it is important to realize 
that the distinction between “commer- 
cial” and “recreational and subsistence” 
fishing in Hawaii is a weak distinc- 


SThe nominal (not adjusted for inflation) ex- 
vessel revenue from commercial fishing was 
$3.9 million in 1970, $13.0 million when adjusted 
for inflation to 1990 consumer price levels. 


®We exclude the lucrative ocean recreation sec- 
tor, as well as the aquarium fish market and 
dive shops since these rely primarily on in- 
shore and reef resources. 
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Figure 1.—NMFS estimates of commercial fishing revenue, adjusted for infla- 
tion, by major fleet components, 1970-92. 


tion. The State of Hawaii commercial 
fishing license is quite inexpensive, and 
enforcement of its requirements is lim- 
ited. A survey in 1984 found that 27% 
of small boat’ owners sold a portion of 
their catch and 17% sold at least half 
their catch (Skillman and Louie®). Fur- 
ther study by Meyer? found that 35% 
of small boat catches were sold on the 
market and 13% were sold “off” the 
market, while 23% were retained for 
home consumption and 21% were 
given away to family and friends. 

The overall level of recreational and 
subsistence fishing activity is difficult 
to assess. Meyer? estimates that the 
total catch by small boat fishermen (in- 
cluding some commercial landings) in 
1985 was approximately 21 million 
pounds, of which 10 million pounds 
were sold. These are substantial num- 
bers for Hawaii, when the recorded 
commercial fish landings by the small 
boat fleets was 5 million pounds in 
1985.!° The NMFS Marine Recre- 
ational Fishing Statistical Survey 


™S§mall boat” is a ubiquitous term referring 
primarily to troll, handline, and dive fishing 
vessels under 45 feet in length overall. 

8R. A. Skillman and D. K. H. Louie. 1984. 
Inventory of U.S. vessels in the central and 
western Pacific: Phase 2— verification and clas- 
sification. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent., Hono- 
lulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-84-12, 21 p. 

°Meyer Resources Inc. [P.A. Meyer]. 1987. A 
report on resident fishing in the Hawaiian is- 
lands (a project to determine the economic value 
of recreational fishing in Hawaii). U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., 
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(MRFSS) which has served as the ba- 
sic yardstick for recreational fishing 
landings (in weight and number, not 
value) across the mainland U.S. has 
not been conducted in Hawaii since 
1981, and the results from the 1979- 
81 survey in Hawaii were not pub- 
lished. However, the unpublished 
MRFSS estimates suggest the volume 
of small-boat noncommercial marine 
landings in Hawaii was roughly 9 mil- 
lion pounds a year in that time pe- 
riod.'' Assuming some positive rela- 
tionship between small-boat com- 
mercia! and noncommercial volume, 
there is no evidence from small-boat 
commercial landings in the late 1980’s 
to suggest any dramatic change in the 
relative volume of the noncommercial 
sector. Furthermore, in a recent study 
reported by Hamm and Lum”, recre- 


Southwest Fish. Cent., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-87-8C, 74 p. 
'0Unfortunately there is believed to be substan- 
tial underreporting in the state data. The extent 
of this underreporting for small boats is un- 
known. 


'lThere was tremendous year-to-year variation 
in the estimates provided by the MRFSS survey 
which is primarily attributable to variation in 
number of fish landed and by average weight of 
fish (a composite of species composition and 
average weight per species). Clearly there were 
some substantial estimation problems with this 
survey approach, but the estimates probably 
indicate the relevant range of these fisheries. 
22). C. Hamm and H. K. Lum. 1992. Prelimi- 
nary results of the Hawaii small-boat fisheries 
survey. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Honolulu Lab, Southwest Fish. Sci. 
Cent. Admin. Rep. H-92-08, 35 p. 


ational and subsistence landings (i.e., 
fish landed but not for sale) for the 
Island of Oahu amounted to 1.9 mil- 
lion pounds, based on a year-long 
small-boat survey. This amounted to 
59% of the landed weight by these 
vessels (which excluded the charter 
boat fleet operating out of the Port of 
Honolulu and other larger commercial 
trolling vessels). 

The monetary value of recreational 
and subsistence landings is even more 
difficult to assess, and comparison be- 
tween the monetary value of recre- 
ational landings and commercial land- 
ings is a complex theoretical, indeed 
philosophical, issue. Meyer? estimated 
that the market value of the fish sold 
by recreational and subsistence fisher- 
men was approximately $30 million 
(adjusted for inflation to 1990 price 
levels). However, the hedonic (or non- 
market) value of the recreational fish- 
ing experience was estimated at $335 
million (inflation-adjusted) from direct 
expenditures on small-boat recreational 
and subsistence fishing of $33 million 
(inflation-adjusted). Since there are 
complex personal motivations for rec- 
reational and subsistence fishing, it is 
difficult to assess how much of this 
value should be associated with land- 
ing the fish, per se, and how much to 
other motivations. 

In terms of participation, Skillman 
and Louie® estimated that there were at 
least 5,000 small boats actively used 
for fishing in Hawaii. The State of Ha- 
waii recorded 3,500 commercial fish- 
ing licenses for fiscal year 1989, but 
this included licenses for crews on 
large-scale commercial fishing vessels 
as well as for small-boat fishermen. 
The state registers 1,100 vessels as 
commercial fishing boats (1989), but 
this excludes the larger vessels (docu- 
mented by the U.S. Coast Guard), and 
choice of registration categories is 
somewhat dependent on tax status. 

Figures on the level of recreational 
fishing activity in Hawaii are not en- 
tirely consistent. The MRFSS estimated 
the number of boat fishing trips in 
1979-81 at 0.5 million annually. How- 
ever, this amounts to over 1,350 trips 
per day, which seems excessive. 
Meyer? estimated that the average par- 
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ticipation by small-boat fishermen was 
38 trips per year, which would lead to 
an estimated 13,200 people who par- 
ticipated in small boat fishing in the 
mid-1980’s. This seems like a gener- 
ous number of trips per year (as an 
overall average) and a conservative 
number of actual participants. Until a 
comprehensive survey is conducted, 
these figures will remain elusive. 

The value of fishing for subsistence 
by contemporary native Hawaiians and 
others has also not been calculated, 
but it is known to be an important com- 
ponent of some communities, particu- 
larly rural communities. Fish also have 
played an important cultural role. 
Iversen et al., in a study of anthropo- 
logical sources, noted: 

“There is abundant historical and ar- 
chaeological evidence for the social 
and religious importance of bottomfish, 
aku (skipjack tuna), and sharks in tra- 
ditional Hawaiian culture .... At the 
family level, sharks and aku were of- 
ten conceived as ‘aumakua — family 
or personal gods. The boundary be- 
tween the supernatural world of these 
personal gods and the natural world of 
the Hawaiian people was not sharply 
defined” (Iversen et al.!3). 

For this paper I will not attempt to 
place a monetary-value estimate on 
subsistence fishing (separate from that 
identified above by Meyer’), except to 
acknowledge its importance. 

Finally, Samples et al.'* and Samples 
and Schug!> estimated that the direct 
market value of charter boat fishing 


13R, Iversen, T. Dye, and L. M. B. Paul. 1989. 
Rights of native Hawaiian fishermen with spe- 
cific regard to harvesting bottomfish in the 
Northwestern Hawaiian Islands and with re- 
gard to harvesting bottomfish, crustaceans, pre- 
cious corals, and open-ocean fish in offshore 
areas surrounding the entire Hawaiian island 
chain. A report prepared for the Western Pa- 
cific Regional Fishery Management Council. 
Honolulu, Hawaii. 

4K. C. Samples, J. N. Kusakabe, and J. T. 
Sproul. 1984. A description and economic ap- 
praisal of charter boat fishing in Hawaii. U.S. 
Dep. Commer., NOAA, Natl. Mar. Fish. Serv., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-84- 6C, 130 p. 

5K. C. Samples and D. M. Schug. 1985. Char- 
ter fishing patrons in Hawaii: a study of their 
demographics, motivations, expenditures and 
fishing values. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-85-8C, 95 p. 
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(i.e., the fees paid by patrons) was $8.5 
million (inflation-adjusted) annually. 
At that time the charter boat fleet con- 
sisted of approximately 120 boats 
which took 75,000 trips annually. The 
charter boat fleet is understood to have 
grown fairly substantially over the past 
decade, particularly on the neighbor 
islands and in rural Oahu. 

There is no direct comparison be- 
tween the ex-vessel value of commer- 
cial fishing landings and the direct 
revenues of charter boat fishing, on 
the one hand, and the expenditures and 
hedonic values of recreational and sub- 
sistence fishing, on the other hand. Fur- 
thermore, there is substantial overlap 
in the estimates of landings by the 
small-boat fleets. However, a rough 


estimate of the direct input costs for all 
types of fishing combined would be 
$100 million'®. Table 1 presents esti- 
mates of landings (pounds) for both 
sectors and dollar values for the com- 
mercial sector, including the seafood 
markets. 

Only for commercial fishing can we 
estimate long-term trends in economic 
values. These appear in Figures 2 and 
3. Inflation-adjusted ex-vessel revenue 
increased almost fourfold from 1970 
to 1990, with dramatic increases in the 
past five years (threefold) owing to the 


'6Data on charter boat and recreational costs 
taken from Samples (1984, 1985), and the un- 
published MRFSS for 1979-81. Commercial 
fishing costs were estimated to be equal to com- 
mercial fishing ex-vessel revenue. 
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Figure 2.—NMFS estimates of commercial fishing landings, 1948-91. 








> Total 


Inflation—adjusted revenue 
~2 AkuBoat 














Srstrecevrs 
1950 1955 1 





reCC REC VC RORV ECE SOU ES 
960 1965 1970 


Bee 2 oe 
1985 


1975 1980 1990 








Figure 3.—NMEFS estimates of commercial fishing revenue, adjusted for infla- 


tion, 1948-90. 





Table 1.—NMFS estimates' of Hawaii fishery com- 
ponents, 1990. MHI = Main Hawaiian Islands; NWHI = 
Northwestern Hawaiian Islands. 





Hawaii seafood supply and market, 
1990 wholesale purchase level 
NMFS estimates 
(1,000's) 





Source of supply Pounds Dollars 





21,000 
9,200 


Commercial fishing? 50,400 


Recreational fishing® 
Hawaii fishery 30,200 50,400 
Foreign imports* 

U.S. mainland “imports”> 


15,600 
24,300 


29,800 
46,500 
Export (foreign and U.S. mainland)® 3,400 8,200 
Hawaii consumption” 

Hawaii market (commercial)® 


66,700 
57,500 118,500 





Hawaii commercial fisheries, 
1990 NMFS estimates based on logbooks and 
shoreside monitoring 
NMFS estimates 





Pounds Pounds 


Fleet caught sold Doilar 





Longline 
MHI troll-hand 4,460 4,050 
Aku boat 1,005 1,005 
MHI bottomfish 830 810 
NWHI bottomfish 420 400 
NWHI lobster 949 949 
Other 1,700 1,594 


13,090 12,200 28,800 
6,980 
1,838 
3,300 
1,070 
4,887 
3,513 

Total 22,454 


21,008 50,388 





‘Honolulu Laboratory, National Marine Fisheries Ser- 
vice, Fishery Management Research Program. 

2 Hawaii commercial fishing: Domestic landings esti- 
mated by detailed NMFS logbooks and shoreside sam- 
pling, augmented by available State of Hawaii data for 
nonsampled fisheries. 

3 Recreational: Volume estimated in 1981 by NMFS Ma- 
rine Recreational Fishing Statistical Survey. 

* Foreign imports: volume (pounds) recorded by U.S. 
Food & Drug Administration monitoring; revenue esti- 
mated from Honolulu market prices by NMFS. 

5 U.S. mainland “imports”: Volume and revenue esti- 
mated as proportion of Foreign imports using raising 
factors calculated from 1981 NMFS seafood market sur- 
vey in Hawaii. 

§ Exports: Estimated from domestic landings of lobster, 
bottomfish, swordfish, and bigeye and yellowfin tuna. 

7 Hawaii consumption: Hawaii fishery + Imports — Ex- 
ports. 

8 Hawaii market: Hawaii consumption — Recreational. 


growth of the domestic longline fish- 
ing fleet. With a change in species and 
product composition from cannery tuna 
(34% of landings in 1980) to highly 
valued species (frozen lobster tails and 
fresh tunas, pelagics, and bottomfish), 
the inflation-adjusted price of fish in 
Hawaii also has risen dramatically, 
doubling from 1970 to 1990. 

While it appears that some substan- 
tial profits have been made by some 
highliner sectors of the fishing fleet 
for short periods of time (e.g., the 
NWHI lobster fishery in the mid- 
1980’s and the more technologically 
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advanced swordfish boats in recent 
years), like most fisheries, Hawaii’s 
commercial fishing sector provides 
employment and income more than an 
independent source of wealth. Many 
fisheries are characterized by limited 
profitability and declining incomes, and 
participation in commercial fisheries 
other than longline has probably been 
stable or declining (and there is a mora- 
torium on entry into the longline fish- 
ery and the NWHI bottomfish and 
lobster fisheries). The seafood market- 
ing sector may have a more stable 
profit-basis, but its competitiveness 
also suggests that capital income is rela- 
tively limited. This makes the public 
policy issues of fisheries management 
and development much more pointed 
than might be believed. 


Fishery Development 


Fisheries development economics is 
a difficult blend of industry economics 
and the bioeconomics of fisheries man- 
agement. Some of these problems have 
been considered in a planning context 
(Pooley'’) which suggests that an in- 
teractive approach to fisheries devel- 
opment and management may be a 
more fruitful means for long-term sus- 
tainable development. However, most 
of the fisheries development work in 
Hawaii has been more traditional in its 
orientation, and there was relatively 
little conceptual work investigating the 
framework of fisheries development 
(Pooley!®). 

Throughout the late 1960’s and the 
1970’s, fishery development was the 
predominant fisheries theme in Hawaii. 
The Pacific Tuna Development Foun- 
dation (PTDF)!? was a joint State/Ter- 
ritory-Federal-industry body which 
initiated development projects through- 


'7§. G. Pooley. 1989. The role of government 
planning and economic analysis in the develop- 
ment of the private fisheries sector. Southwest 
Fisheries Center, Honolulu Laboratory manu- 
script MRF-003-90H, paper contributed to the 
International Symposium on Agriculture and Fish- 
eries Development in Oman, Muscat, Oman. 

185. G. Pooley. 1985. The hopelessness of the 
invisible hand: small versus large fishing ves- 
sels in Hawaii. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-85-02, 16 p. 

'9T_ater renamed the Pacific Fishery Develop- 
ment Foundation. 


out the Pacific, from advanced purse 
seine techniques which led to the ini- 
tial movement of the U.S. tuna fleet 
from southern California to the west- 
ern Pacific (primarily Papua New 
Guinea), to small-scale development 
activities such as teaching handline 
fishing techniques and building new 
boat launching ramps. The State of 
Hawaii through its Department of Land 
& Natural Resources sponsored the 
Hawaii Fishery Development Plan in 
1979 (Hawaii Department of Land & 
Natural Resources”’) which proposed 
a multi-million-dollar program of capi- 
tal improvements and development 
projects aimed at establishing Hawaii 
as a base for distant water commercial 
fishing”! and reinvigorating local fish- 
eries**. Much of the NMFS research 
during this period was also directed 
toward fisheries development, includ- 
ing the tripartite study of the essen- 
tially uninhabited Northwestern 
Hawaiian Islands (NWHI) in the late 
1970’s (Grigg and Pfund, 1980). This 
study identified important lobster fish- 
ing grounds which at one point grew to 
be Hawaii’s most lucrative single fishery 
($6 million ex-vessel revenue in 1989). 
Two important exogenous changes 
altered the climate for Hawaii’s com- 
mercial fisheries during this period. In 
the mid-1970’s, the increase in fre- 
quent neighbor island jet flights made 
possible the expansion of the domestic 
market for neighbor island fresh fish 
to Honolulu. This assisted the devel- 
opment of the neighbor island handline 
tuna and bottomfish fisheries. Further- 
more, with the tremendous expansion 
of tourism and jumbo jet traffic be- 
tween Hawaii and the mainland U.S. 
and between Hawaii and Japan, fresh 


20Hawaii Dep. of Land and Natural Resour. 
1979. Hawaii Fisheries Development Plan. Dep. 
of Land and Natural Resources. State of Ha- 
waii, Honolulu, Hawaii. 

2ISuch as domestic purse seining (C. D. 
MacDonald and J. A. Mapes, 1985. Hawaii as a 
base for tuna purse seining operations. State of 
Hawaii, Dep. Planning and Econ. Develop., 
Honolulu, Hawaii). 

224 parallel effort was made to develop on- 
shore aquaculture (Hawaii Dep. Business and 
Economic Development, 1978), and despite a 
number of business failures, the wholesale value 
of aquaculture products produced in Hawaii 
was $9 million in 1990 (Corbin, 1992). 
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fish from Hawaii gained new adher- 
ents and easier access to these external 
markets. This has been particularly true 
of the longline fishery, which reached 
its nadir in the late 1970’s and which 
expanded steadily through the 1980’s 
until the discovery of the swordfish 
fishery, at which point longlining ex- 
ploded in volume. The closure of the 
Honolulu tuna cannery in 1984, coin- 
cident with worldwide changes in the 
structure of the U.S. tuna industry, re- 
duced the basic infrastructure avail- 
able for the commercial fishery for a 
number of years and also changed the 
low end of the tuna market (with in- 
creased supplies of fresh skipjack tuna 
competing with yellowfin tuna caught 
by handline vessels). No substantial 
alternative market has been developed 
for skipjack tuna, despite marketing 
assistance from two state agencies, the 
aku boat fleet has declined substan- 
tially, and the skipjack resource is es- 
sentially untapped around Hawaii. 
State of Hawaii fishery development 
activities continued throughout the 
1980’s?3, although the emphasis began 
to shift to “recreational” development 
(such as the deployment of fish aggre- 
gating devices [FAD’s]) and to value- 
added seafood marketing (MacDonald 
et al., 1991). NMFS fishery develop- 
ment activity was increasingly directed 
through the Saltonstall-Kennedy grant 
process, and many of these funds were 
directed to other U.S.-associated areas 
in the western Pacific such as Ameri- 
can Samoa, Guam, and the Northern 
Mariana Islands. The Saltonstall- 
Kennedy grant process also represented 
a privatization of development efforts 
in Hawaii, where most projects were 
carried out by individual fishing and 
seafood marketing companies. 


Economic Research 


Hudgins”* surveyed economic re- 


3Including an update of the fishery develop- 
ment plan (State of Hawaii, 1986) and the Ha- 
waii Ocean Resources Management Plan 
(Hawaii Ocean and Marine Resources Council, 
1991. Hawaii Ocean Resources Management 
Plan. Hawaii Dep. Business and Economic De- 
velopment, Honolulu, Hawaii.). 

4L. L. Hudgins. 1980. Economic analysis of Ha- 
waii fisheries: a survey. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Honolulu Lab., South- 
west Fish. Cent. Admin. Rep. H-80-07, 8 p. 
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search to date in Hawaii. Since then 
there has been a suite of studies di- 
rected toward fisheries management 
issues and seafood marketing. A sub- 
stantial amount of this research has 
been funded by the Southwest Fisher- 
ies Science Center’s regional econom- 
ics program (Pooley et al.*>). The fol- 
lowing is a précis of economic research 
in which the Honolulu Laboratory was 
the principal investigator or a major 
collaborator. 

Economic research directed toward 
fisheries management began with at- 


tempts to estimate the value of the rec-* 


reational billfish fishery (Adams7°) 
using household production models. An 
alternative methodology, primarily 
travel cost and contingent valuation, 
was attempted by Samples and SMS 
Research, Inc.?’ and Meyer”, but funds 
have never been adequate to conduct 
full-scale socioeconomic surveys of the 
recreational and subsistence fisheries 
in Hawaii. 

The most applied set of studies, how- 
ever, has concentrated on detailed cost- 
earnings profiles of various fleets. Most 
productive of these studies was the 
analysis of the Northwestern Hawai- 
ian Islands (NWHI) lobster fleet. 
Clarke and Pooley (1988) reported a 
detailed breakdown of lobster fishing 
economic profiles by class of vessel. 
Samples and Sproul?®: 7° and Gates and 
Samples*, in work funded by the West- 
ern Pacific Regional Fishery Manage- 


25§. G. Pooley, S. F. Herrick, D. E. Squires, C. 
J. Thomsen, and G. W. Silverthorne. 1991. 
Southwest Fisheries Science Center and South- 
west Region economics research plan, 1990- 
95. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Honolulu Lab., Southwest Fish. 
Sci. Cent. Admin. Rep. H-91-07, 20 p. 

26M. F. Adams. 1978. Alternative estimate of 
net economic benefits for billfish-tuna recre- 
ational commercial fishermen in Kailua-Kona, 
Hawaii. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-78-18, 10 p. 

27K. C. Samples and SMS Research, Inc. 1983. 
Experimental valuation of recreational fishing 
in Hawaii. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Honolulu Lab., Southwest 
Fish. Cent. Admin. Rep. H-83-13C, 42 p. 

28K. C. Samples and J. T. Sproul. 1987. Poten- 
tial gains in fleet profitability from limiting 
entry into the Northwestern Hawaiian Island 
commercial lobster trap fishery. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., Ho- 
nolulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-87- 17C, 30 p. 


ment Council, undertook a preliminary 
investigation of management alterna- 
tives for the NWHI lobster fishery. This 
was followed by a detailed bioeco- 
nomic model of the fishery by Clarke 
et al. (1992) which identified the rela- 
tionship between the lobster resource 
and fleet dynamics. 

In 1979-81, NMFS conducted some 
broad research surveys of the Hawaii 
seafood markets (NMFS?!) which at- 
tempted to identify the important mar- 
ket channels (Cooper and Pooley**:*4). 
Further studies were conducted on the 
nature of competition in the seafood 
market (Adams**, Pooley*>). These 
studies generally concluded that the 
existence of auction markets and a high 
level of competition between fresh and 
frozen food distributors had been ben- 
eficial for market development in Ha- 
waii. However, there has been little 
follow-up to the initial surveys in the 
subsequent ten years. Research on mar- 
ket dynamics has continued, however, 
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Commer., NOAA, Natl. Mar. Fish. Serv., Ho- 
nolulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-88-12C. 
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Commer., NOAA, Natl. Mar. Fish. Serv., Ho- 
nolulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-86-17C, 32 p. 

3!National Marine Fisheries Service. 1982. Pre- 
liminary results of a survey of wholesale fish 
dealers in Hawaii. U.S. Dep. Commer., NOAA, 
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Fish. Cent. Admin. Rep. H-82-14, 17 p. 
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kets. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-82-15, 12 p. 
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Commer., NOAA, Natl. Mar. Fish. Serv., Ho- 
nolulu Lab., Southwest Fish. Cent. Admin. Rep. 
H-81-05, 20 p. 
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Natl. Mar. Fish. Serv., Honolulu Lab., South- 
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with data derived from systematic 
monitoring of the primary wholesale 
markets. Whereas results on the dy- 
namics of the bottomfish market 
showed a strong relationship between 
quantity supplied and price, thus iden- 
tifying the demand function (Pooley, 
1987a), results from the more wide- 
ranging tuna markets were less robust 
because of either inadequacies in the 
data or substantial discontinuities in 
the market (Pooley** 3°’). Work was 
also conducted by the Council in col- 
laboration with NMFS on the market- 
ing dynamics of the lobster fishery 
(Samples and Gates**). 

Economic research with a develop- 
ment slant was conducted on the fu- 
ture of the Hawaii skipjack tuna 
cannery which closed in 1984. NMFS 
sponsored an industry and academic 
workshop on factors affecting the sup- 
ply and market of skipjack tuna (Boggs 
and Pooley*’, 1987; Pooley, 1987b). 
This work supplemented earlier re- 
search on the supply function for do- 
mestic tuna production in Hawaii 
(Hudgins, 1980) and subsequent re- 
search on the future for tuna fisheries 
in the western Pacific (Hudgins and 
Pooley, 1987). The gist of the work- 
shop was that while a substantial tuna 
resource (primarily skipjack tuna) ex- 
isted which could be exploited, the dy- 
namics of the international canned tuna 
market would probably preclude rees- 
tablishment of the pole-and-line aku 
fishery in Hawaii for the foreseeable 
future (King*®, 1987). Emphasis has 
instead been on export of fresh bigeye 
and yellowfin tuna. Research was also 


36§. G. Pooley. 1990. Pelagic species prices in 
1987-88. Southwest Fisheries Center, Hono- 
lulu Laboratory manuscript MRF-002-90H. 
37§. G. Pooley. 1991. Revised market analysis: 
Hawaii yellowfin tuna. Southwest Fisheries 
Science Center, Honolulu Laboratory manu- 
script 003-09 1H-MRF. 

38K. C. Samples and P. D. Gates. 1987. Market 
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conducted on the nature of the skip- 
jack tuna as a discrete economic prod- 
uct, with identification of price vectors 
based on the size of fish (Hudgins*', 
1987), and there was marketing re- 
search conducted on extending the 
shelf-life of skipjack tuna (Hawaii De- 
partment of Business and Economic 
Development, 1989). Finally, there is 
an additional economic value of 
longline fishing to Hawaii, but this is 
from the port visits of foreign fishing 
and reefer vessels which operate 
throughout the mid-Pacific region (out- 
side the U.S. EEZ’s). Hudgins and 
Iversen*? estimate the value of these 
visits at $46 million based on 2,500 
port calls. 

Finally, several collaborative eco- 
nomic studies were carried out by 
NMEFS on behalf of the Corps of Engi- 
neers concerning small-boat fishing 
from the islands of Hawaii (Pooley**), 
Maui (Pooley) and Oahu (Pooley*) 
These studies emphasized applying 
prototypical cost-earnings results from 
each fishery to estimate the net eco- 
nomic benefits of alternative fishery 
development schemes”. 
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Fishery Management 


Most of Hawaii’s offshore marine 
fisheries are now under some form of 
Federal regulation through the West- 
ern Pacific Regional Fishery Manage- 
ment Council (Council). The basic 
premise of management under the 
Council for the NWHI lobster fishery 
and for the precious coral fishery has 
been to avoid biological overfishing. 
For the NWHI bottomfish fishery, 
avoidance of economic overfishing has 
been the primary motivation. In the 
MHI bottomfish fishery, primary con- 
cern has been on biological overfish- 
ing. Finally, the pelagic fishery (troll, 
handline, and longline gears used for 
catching tunas, billfish, and other 
ocean-dwelling pelagics) has been 
regulated essentially to avoid gear con- 
flicts and other negative interactions 
between the growing longline fleet (tar- 
geting swordfish and tuna) and the 
smaller-scale troll and handline fleets 
(targeting tunas and billfish) (Pooley, 
1990). However, the longline fleet was 
also excluded from areas around the 
NWHI to avoid interaction with en- 
dangered species, in particular the Ha- 
waiian monk seal. 

Despite the detailed cost-earnings 
and bioeconomic modeling of the 
NWHI lobster fishery, the limited en- 
try program for NWHI lobster which 
was initiated in 1991 was based more 
on pragmatic grounds than on eco- 
nomic research per se. The limited en- 
try program for bottomfishing in the 
NWHI was supported more directly by 
Council economic research in collabo- 
ration with NMFS (Meyer?) which at- 
tempted to identify the kinds of 
constraints facing the domestic fishing 
fleet. This work was not fully devel- 
oped in terms of quantifying the pa- 


4©Similar survey work was conducted for Ameri- 
can Samoa, Guam, and the Northern Mariana 
Islands in cooperation with the island fishery 
agencies (L. D. Kasaoka. 1989. Summary of 
small boat economic surveys from American 
Samoa, Guam, and the Northern Mariana Is- 
lands. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-89-4C, 47 p.). However 
development of cost-earnings profiles was not 
completed due to lack of research resources. 
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rameters, but Pooley and Kawamoto‘? 
developed a series of cost-earnings pro- 
files of the NWHI bottom fishing fleet 
which have been used in Council de- 
terminations on potential new entry into 
the fishery. 

The limited entry regimes for NWHI 
bottomfish and lobster are both based 
on break-even levels of fishing effort 
at maximum sustainable yield. How- 
ever, there has been relatively little 
interest in actually optimizing these 
fisheries. Where the biological dynam- 
ics of these fisheries are not well un- 
derstood, and where the economics of 
fleet behavior between fisheries are 
quite fluid, these regimes may be con- 
sidered quite appropriately as second- 
best optima under the circumstances. 

Attempts at constructing linear pro- 
gramming models of the NWHI fish- 
ery (both as a directed bottomfish 
fishery and as a multipurpose fishery) 
were not particularly successful, but 
some experiments have been under- 
taken to model the components of fish- 
ing vessel operator behavior (Miklius 
and Leung**). This represents a novel 
approach to modeling decision pro- 
cesses and is based on detailed exami- 
nation of vessel owner and captain 
incentives. 

Although a considerable part of the 
pelagic fishery management problem 
revolves around allocation issues be- 
tween segments of the fishery, infor- 
mation for fully developed economic 
models has been inadequate. The eco- 
nomic research mentioned in the de- 
scription of Hawaii’s recreational and 
subsistence fisheries, as well as the 
collaborative Corps of Engineers sur- 
veys, has been useful for fishery man- 
agement purposes. Qualitative infor- 
mation was provided in the regulatory 
impact analysis of one amendment to 
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the Pelagic Species Fishery Manage- 
ment Plan*’, but considerably more re- 
search is required. 

Finally, although almost all of this 
research has revolved around Hawaii 
and has been directly economic in ori- 
entation, other pieces of social science 
research have been quite productive. 
Perhaps the most promising was the 
application of political bargaining mod- 
els to the potential of management of 
South Pacific albacore (Schug, In 
press). This model looked at the con- 
stituent elements to successful nego- 
tiations and evaluated the conditions 
in that fishery during the conflict over 
drift-net fishing. The work is being 
extended to the current era when drift- 
net fishing has ceased. 


Central Economic Issues 


From one perspective, the central 
economic issues in Hawaii’s marine 
fisheries are fairly simple. Because of 
the geographical isolation of Hawaii 
from other U.S. fishing fleets and be- 
cause of the vastness of the central and 
western Pacific, as well as the distances 
and costs involved in fishing the 
NWHI, the large-scale commercial 
fisheries have tended to “manage them- 
selves” to a certain extent. The regula- 
tory structures at both a biological and 
economic level have been relatively 
simple, and interactions between fish- 
eries are limited. On the other hand, 
since most of these fisheries have just 
completed their development stage, 
relatively little information is avail- 
able on them, and both formal and in- 
formal management institutions, 
including associations of fishing par- 
ticipants, are even younger. Therefore 
each regulatory action is taken with a 
high degree of uncertainty concerning its 
effect on the participants in the fisheries 
and those associated with the fisheries™. 

A good example has been the recent 
closure of waters around the main Ha- 


49°Proposed regulatory impact review: Amend- 
ment 4: Pelagic Fisheries FMP. Southwest Fish- 
eries Science Center, Honolulu Laboratory 
manuscript 005-91H-MRF. 

This is true of many mainland U.S. fisheries 
as well. The difference is the very short time- 
series of information on which to base resource 
and economic assessments in Hawaii. 


waiian Islands to longline fishing. The 
closures were designed to reduce gear 
interactions between the longline fleet 
on the one hand and troll and handline 
boats on the other, while still allowing 
the longline fleet access to the remain- 
der of the waters around Hawaii. At 
the time, a considerable portion of the 
fleet was traveling as much as 1,200 
miles from Honolulu, but two segments 
of the longline fleet were adversely 
affected. It was anticipated that the 
smaller wooden and fiberglass longline 
sampans would be affected, and provi- 
sion to allow them exemptions to fish 
in their customary waters inside the 
closure was recommended.”*! It was not 
anticipated that a substantial portion 
of the remaining portion of the fleet, as 
many as 30-40 modern longline ves- 
sels, would choose to tie-up rather than 
fish outside the closure area. (The rea- 
sons for this are not yet clear.) Further- 
more, although there was a presumption 
that the closures would be a de facto 
allocation in favor of the commercial 
troll and handline boats, their landings 
apparently did not rise during the pe- 
riod. The resulting impact of reduced 
landings on the local seafood market 
for tuna and other pelagics was sub- 
stantial during the summer and fall of 
1991, and a number of dealers also 
indicated economic hardship as a re- 
sult of the closures. 

This leads to the central economic 
issue in Hawaii’s marine fisheries: the 
allocation of uncertain quantities of fish 
(primarily tunas and pelagics but also 
bottomfish) between the larger-scale 
commercial fishing fleets and the 
smaller-scale commercial, part-time 
commercial, subsistence, and recre- 
ational fishing boats. The subject may 
be intensified by native Hawaiian 
claims to preference in some of these 
fisheries (Iversen et al.!>), but research 
on these issues is primarily in the pur- 
view of the Council and the State of 
Hawaii’s Office of Hawaiian Affairs. 

Biologically, a commercially caught 
fish is pretty much the same as a 
recreationally caught fish in Hawaii, 


51 As it turned out, only a few of these vessels 
met the stringent qualifying criteria. 





although there are some size composi- 
tion differences. U.S. fishery manage- 
ment history tended to favor domestic 
commercial fisheries until the late 
1980’s, with the pendulum now tend- 
ing to swing more towards conserva- 
tion and towards recreational and 
small-scale commercial interests. That 
has certainly been the case in Hawaii’s 
pelagic fishery interaction issue. On 
the other hand, in the MHI bottomfish 
case, conservation has clashed substan- 
tially with recreational, subsistence, 
and small-scale commercial interests, 
with a large presumption going toward 
access, rather than conservation. 
From one point of view, the politi- 
cal pluralism of the MFCMA fishery 
management system is an appropriate 
balancing of these concerns. Not only 
are there representatives of different 
fishing interests on the Council, there 
is also direct representation from dif- 
ferent levels of government. Further- 
more, at least in Hawaii, there is 
relatively easy access to the Council 
process, including a quite vocal and 
frequently educational public hearing 
process. On the other hand, some 
people fear that the decision-making 
process has not had or used enough 
information on the relative benefits and 
costs to the various human components 
of the fisheries. Weighing the market 
value of a commercially caught fish in 
terms of its income and employment 
generating impact against the nonmar- 
ket value of a recreationally caught 
fish in terms of enjoyment and per- 
son?! consumption is hard enough. This 
is made more difficult by monetized 
and nonmonetary “rights” to fishing 
access and the probability that reduc- 
ing large-scale commercial fishing 
probably will not generate an equiva- 
lent volume of landings (in weight or 
numbers) through the alternative fish- 
eries. Then, the question becomes one 
of evaluating the marginal impact of 
fishing regulations on multiple interest 
groups. Furthermore, as contentious as 
the marine fisheries issues have been, 
a much more contentious set of marine 
resource issues faces Hawaii legisla- 
tors and resource managers: the alter- 
native uses of the near-shore and 
coastal environment (Hawaii Ocean 
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and Marine Resources Council>”). In 
Hawaii, we are nowhere near making 
such determinations. 


Conclusion 


What can economic and social sci- 
ence research contribute to the weigh- 
ing of benefits and costs from 
development and conservation in 
Hawaii’s marine fisheries? The answer 
to this question lies in the nature of the 
regulatory process. 

Fisheries management, as codified 
by the MFCMA and various Federal 
rules, is a political process dominated 
by strategic bargaining on the part of 
its participating interest groups. As 
such, it is a classic example of political 
pluralism at the margin within tightly 
structured political boundaries and 
loosely structured economic and so- 
cial systems. This political process con- 
trasts strongly with three important 
presumptions in the MFCMA process: 


1) Regulatory legalism, 
2) Scientific rationalism, and 
3) Laissez-faire economic ideology. 


Clearly, in addition, there is a strong 
natural science presumption to issues 
of fisheries management, even though 
it is now commonplace to acknowl- 
edge that it is the people who partici- 
pate in the fishery, from the harvesters 
to the dealers who are managed, not 
fish. Although participants in the fish- 
eries management process know parts 
of this regulatory landscape, there is 
very little systematic knowledge of 
these basic contradictions. 

Probably the most important poten- 
tial contribution of social science re- 
search would be toward understanding 
the behavior of individuals and groups 
in the fishing community, particularly 
in terms of understanding changes in 
human behavior due to regulation (ex 
ante and contrapositive), endogenous 
changes in fishing technology, and ex- 
ogenous events such as changes in al- 
ternative labor markets, changes in oil 


52Hawaii Ocean and Marine Resources Coun- 


cil. 1991. Hawaii Ocean Resources Manage- 
ment Plan. Hawaii Dep. Business and Economic 
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prices, or changes in ocean and coastal 
zone use. This requires a fact-based, 
micro approach to social science re- 
search, not abstract models of fishing 
behavior. Unfortunately, although this 
kind of research promises important 
contributions to fisheries management 
decisions, neither its time frame nor its 
research resource requirements corre- 
spond to the short-term agendas of fish- 
eries management bodies. 

In Hawaii this should suggest two 
new approaches. First, there should be 
a wider scope for fisheries economics 
research to include a range of marine 
resource use issues as well as coastal 
zone and environmental economic is- 
sues. Second, this research should in- 
clude a wider collaboration between 
university, state, and Federal research- 
ers in a number of agencies, and prob- 
ably a greater explicit collaboration 
with fishing (and similar user group) 
communities in the conduct of eco- 
nomic research. These approaches 
would take substantial new research 
resources, but they remain trivial com- 
pared to the overall cost of natural sci- 
ence research in fisheries and the social 
opportunity costs of overharvesting. 
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The Western Pacific Fishery Information Network: 
A Fisheries Information System 


Introduction 


Fisheries in the Pacific have been 
rapidly changing during the 1980’s, 
and fisheries agencies have been chang- 
ing with them to obtain and utilize the 
proper data and information needed to 
monitor and manage the resources un- 
der their jurisdictions. To help meet 
the ever growing and changing infor- 
mation needs of fishery agencies of 
the Pacific, the National Marine Fish- 
eries Service (NMFS) established a 
Pacific Fishery Information Network 
(PACFIN) for the western coastal states 
and Idaho, and the Western Pacific 
Fishery Information Network 
(WPACFIN) for the U.S.-affiliated 
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ABSTRACT—The Western Pacific Fish- 
ery Information Network (WPACFIN) is 
an intergovernmental agency cooperative 
program sponsored by the National Ma- 
rine Fisheries Service (NMFS) to help par- 
ticipating island fisheries agencies carry 
out data collection, analysis, reporting pro- 
grams, and data management activities to 
better support fisheries management un- 
der the Magnuson Fishery Conservation 
and Management Act; and to help meet 
local fisheries information and manage- 
ment needs. The WPACFIN is the central 
source of information for Federal fisher- 
ies management of most fisheries in Ameri- 
can Samoa, Guam, and the Northern Mariana 
Islands, and it plays an important role in 
acquiring fisheries data in Hawaii. This pa- 
per describes the development and status of 
this fishery information system. 
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fishery agencies in the central and west- 
ern Pacific island areas of American 
Samoa, Hawaii, Guam, and the North- 
ern Mariana Islands. This paper is ex- 
clusively concerned with WPACFIN. 

Through the NMFS WPACFIN pro- 
gram, an organization of cooperating 
island fisheries agencies has developed 
a network to share data, information, 
and technology to improve fisheries 
management under the Magnuson Fish- 
ery Conservation and Management Act 
and to meet local fisheries manage- 
ment needs. The voluntary and coop- 
erative nature of the network cannot 
be overemphasized, for these attributes 
are the backbone of the existence of 
the system. The information available 
through WPACFIN has been developed 
through cooperative efforts of the par- 
ticipating agencies to improve their 
data collection, compilation, comput- 
erization, and summarization capabili- 
ties by means of technical assistance 
provided by the central WPACFIN pro- 
gram at the Honolulu Laboratory and 
by means of financial assistance from 
various NMFS and other funding 
sources. 

From the beginning, it has been the 
philosophy and policy of the 
WPACFIN program to adopt the gen- 
eral NMFS policy of building upon 
local fisheries office expertise and ca- 
pabilities as a means of improving Fed- 
eral fishery management capabilities. 
The WPACFIN system embodies the 
general principles of a Federal and state 
partnership and a symbiotic relation- 
ship in collecting, processing, analyz- 
ing, sharing, and managing fisheries 
data, and builds upon the history of 
cooperation among agencies. From the 
standpoint of the NMFS, the overall 


functional goal of the WPACFIN sys- 
tem is to provide quality fisheries data 
needed to develop, implement, evalu- 
ate, and amend Federal fishery man- 
agement plans (FMP’s) for the western 
Pacific region. The information needed 
to manage Federal fisheries under 
MFCMA should be a composite sub- 
set of information required by fully 
functional local fisheries agencies. 
Therefore, the operating philosophy of 
the central WPACFIN office in work- 
ing with island agencies has been to 
assist them in becoming fully func- 
tional in obtaining and providing data 
and information needed to meet both 
Federal and local fishery management 
needs. By building upon the capabili- 
ties of local agencies, efficiency, ben- 
efits, functionality, and data availability 
can be maximized while overall costs 
and duplication of effort can be mini- 
mized. Accomplishing this requires sig- 
nificant levels of commitment on both 
sides and a common goal for improved 
fisheries management. 


The WPACFIN system 


The use of the term WPACFIN is 
sometimes confusing because it can be 
used to refer to any of the three distinct 
but interrelated major aspects of the 
system that are embodied in the con- 
cept of a cooperative fishery informa- 
tion network, or it can refer to the 
“system” as a whole. The three aspects 
of the WPACFIN system are its 1) 
organization, 2) program, and 3) net- 
work. These are all intertwined and 
inseparable as far as the functionality 
of the WPACFIN system is concerned. 

The WPACFIN organization refers 
to the combination of participating 
agencies and how they interact to make 
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decisions and recommendations for 
improving fishery management capa- 
bilities in the region. The participating 
agencies of WPACFIN (Fig. 1) include 
the Western Pacific Regional Fishery 
Management Council (WPRFMC or 
Council), the American Samoa Depart- 
ment of Marire and Wildlife Resources 
(DMWR), the Commonwealth of the 
Northern Mariana Islands’ Division of 
Fish and Wildlife (DFW), the Guam 
Division of Aquatic and Wildlife Re- 
sources (DAWR) and Department of 
Commerce (DOC), the Hawaii Divi- 
sion of Aquatic Resources (HDAR), 
and the Honolulu Laboratory and Pa- 
cific Area Office of the NMFS. For 
simplicity, this paper will refer to the 
island fisheries offices not based in 
Hawaii as the “flag state” agencies. 
To help coordinate all the partici- 
pating agencies and to help set goals 


and priorities for meeting the informa- 
tion needs through WPACFIN, a com- 
mittee composed of all the heads of the 
participating fisheries agencies was 
established in 1982. This committee 
was originally named the WPACFIN 
Data Goals Committee, but was later 
renamed the WPACFIN Fisheries Data 
Coordinating Committee (FDCC). The 
FDCC is the advisory body within the 
WPACFIN organization. The intent of 
the committee is to ensure that all re- 
quired data are available to each partici- 
pating agency and to the Western Pacific 
Regional Fishery Management Council, 
its Plan Monitoring Teams, its Scientific 
and Statistical Committee, and fishery 
managers, in a form, quality, and time 
frame necessary to meet their respective 
fisheries management responsibilities. 
Specifically stated, the purposes of the 
WPACFIN FDCC are to: 


1) Provide a forum for a regional 
exchange of ideas about fisheries data 
and for meeting local and regional fish- 
ery management goals; 

2) Establish WPACFIN activities 
and priorities and recommend improve- 
ments in efficiency, effectiveness, and 
timeliness of data collecting and pro- 
cessing activities; 

3) Develop and coordinate a 
WPACFIN Fisheries Data Plan for 
implementation in each member area; 

4) Promote the development and 
implementation of data collection, stor- 
age, and transfer standards to facilitate 
merging data into WPACFIN; and 

5) Designate membership of a Tech- 
nical Subcommittee and coordinate the 
Subcommittee’s work on technical as- 
pects of implementing WPACFIN. 

The FDCC also established guide- 
lines for the proper exchange and use 
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Figure 1.—Organizations participating in the Western Pacific Fishery Information Network. 
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of fishery data and for safeguarding 
the confidentiality of data submitted 
by member agencies: 

1) WPACFIN will not release confi- 
dential data in any format without spe- 
cific written permission from the agency 
contributing the data to the system. 

2) Requests for raw (nonsummary) 
data or requests from nonmember agen- 
cies will be referred to the donor 
agency. 

3) If access is granted by the donor 
agency, WPACFIN may provide the 
data directly to the user from the cen- 
tral system at the donor agency’s request. 

4) Confidential data submitted to 
WPACFIN are generally available for 
NMFS employees to use provided the 
employee has signed a Statement of Non- 
disclosure and has a “need-to-know” as 
defined in NOAA Directive 88-30. 

5) Summary and nonconfidential 
data in WPACFIN are available to all 
users without obtaining donor agency 
approval. 

6) Specific restrictions may be 
placed on sensitive data sets submitted 
to WPACFIN that could limit access 
to users identified by the donor agency. 

The WPACFIN program is a task 
within the Fishery Data Management 
Program of the NMFS Honolulu 
Laboratory’s Fishery Management and 
Performance Investigation. It was es- 
tablished in 1981 to be the nucleus for 
organizing, implementing, and main- 
taining the fisheries information net- 
work in the western Pacific. The 
WPACFIN program is headed by the 
leader of the Fishery Data Manage- 
ment Program, and its staff has exper- 
tise in computer systems design, fish- 
eries biology, and computer program- 
ming. The types of support offered by 
the WPACFIN program cover a vari- 
ety of administrative and technical ac- 
tivities. Because of differences in data 
collecting and processing systems, po- 
litical atmosphere, personnel, and level 
of commitment to upgrade and change, 
the flag state agencies have been the 
major focus of implementing the 
WPACFIN system, and they have been 
the major users of support offered by 
the WPACFIN program. Description of 
some of the major WPACFIN program 
support activities follows. 
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1) Administrative support has been 
provided at all levels for overseeing 
the WPACFIN program management, 
budgeting, and planning activities, such 
as developing and implementing 
“memoranda of understanding” and 
data sharing agreements between 
NMFS and participating agencies, and 
coordinating meetings of the FDCC 
and its Technical Subcommittee. 

2) Technical hardware and software 
support has been crucial to developing 
local expertise. 

3) System and survey designs have 
been studied in all areas, either by us- 
ing consultant contracts or in-house 
NMFS expertise and resources (CIC 
Research, Inc.':*, Omnitrak Research 
and Marketing Group, Inc.*, and 
Malvestuto*). 

4) Data base management and data 
processing systems have been estab- 
lished for many data systems such as 
commercial landings, offshore and in- 
shore creel surveys, tuna transshipment, 
tournament sampling, vessel inventory, 
and fishery imports. Integrated, menu- 
driven, user-friendly, data base man- 
agement systems have been developed 
and programmed to meet the needs of 
island agencies. 

5) A wide range of training support 
has been provided to island agencies 
including on-site and central training 
workshops on microcomputer hardware 
and software, data base and file man- 
agement, data quality control proce- 
dures, data collecting, forms design, 
and detailed training on implementing 
the data processing applications. 

6) Fisheries data bases provided to 
the system by participating agencies 


'CIC Research, Inc. 1983. A fishery data col- 
lection system: Guam. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-83-21C, 85 p. 

CIC Research, Inc. 1983. A fishery data col- 
lection system: Saipan. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-83-20C, 74 p. 

3Omnitrak Research and Marketing Group, Inc. 
1988. Sampling methodology for a boat fishing 
survey design for Hawaii. Honolulu, HI 96813, 
173 p. 

4Malvestuto, S. P. 1991. Recommendations for 
statistical treatment of Hawaii small boat sur- 
vey data. Fishery Information Management Sys- 
tems, Auburn, AL 36830, 6 p. 


are maintained at the central 
WPACFIN program office. Direct on- 
line access to some of these central- 
ized data bases is a long-range goal. 

7) Numerous report generation and 
data analysis activities, such as filling 
ad-hoc data requests, assisting in pro- 
ducing the flag state agencies’ report 
modules for the annual bottomfish and 
pelagics plan monitoring teams (Hamm 
and Quach*; Hamm et al.®:’), and pro- 
ducing the annual catch and effort report 
series “Fishery Statistics of the Western 
Pacific” (Hamm et al., var. years®). 

In addition to providing these sup- 
port functions to the official WPACFIN 
agencies, the central WPACFIN pro- 
gram office has provided similar tech- 
nical guidance and assistance to fish- 
eries offices in other U.S. affiliated 
Pacific island areas such as the Feder- 
ated States of Micronesia (Pohnpei, 
Kosrae, Chuuk, and Yap) and the Re- 
public of Palau, but on a more limited 
basis. Notwithstanding the limited sup- 
port provided, at least some “WPACFIN- 
compatible” data systems have been 
created in each of these other island 
areas. 

The WPACFIN network refers to 
the technologies, activities, and meth- 


5sHamm, D. C., and M. M. C. Quach. 1988. 
Bottomfish fisheries of American Samoa, Guam, 
and the Commonwealth of the Northern Mariana 
Islands. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. H- 
88-15, 76 p. 

®Hamm, D. C., M. M. C. Quach, R. Tokunaga, 
F. Aitaoto, G. W. Davis, and T. J. Donaldson. 
1989. Review of the 1988 pelagic fisheries of 
American Samoa, Guam, and the Commonwealth 
of the Northern Mariana Islands. U.S. Dep. 
Commer., NOAA, Natl. Mar. Fish. Serv., South- 
west Fish. Cent., Honolulu Lab., Southwest Fish. 
Cent. Admin. Rep. H-89-7, 101 p. 

7Hamm, D. C., M. M. C. Quach, F. Aitaoto, G. 
W. Davis, and T. J. Donaldson. 1989. Review 
of the 1988 bottomfish fisheries of American 
Samoa, Guam, and the Commonwealth of the 
Northern Mariana Islands. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Cent., Honolulu Lab., Southwest Fish. Cent. 
Admin. Rep. H-89-8, 83 p. 

8Hamn, D. C. et. al. 1986 Vol. I, 1986 Vol. II, 
1988 Vol. III, 1989 Vol. IV, 1990 Vol. V, 1991 
Vol VI, and 1992 Vol VII. Fishery Statistics of 
the Western Pacific. U.S. Dep. Commer., 
NOAA, Natl. Mar. Fish. Serv., Southwest Fish. 
Sci. Cent. Admin. Rep. H-86—4, 380 p., Admin. 
Rep. H-86-20, 237 p., Admin. Rep. H-88-4, 
352 p., Admin. Rep. H-89-1, 216 p., Admin. 
Rep. H-90-09, 224 p., Admin. Rep. H-91-1, 
230 p., Admin. Rep. H-92-06, 230 p. 
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odologies upon which the system func- 
tions, including all the hardware, soft- 
ware, communication links, data 
sharing capabilities, and the data bases 
themselves. The network is the back- 
bone of WPACFIN, and is a physical 
part of each participating agency. In 
general, the network is a microcom- 
puter-based means of sharing data and 
information among fisheries agencies 
to support fisheries management needs 
via mail and direct telecommunica- 
tions. It is more fully described under 
the WPACFIN evolution section of this 
paper. 

Together, these three aspects of 
WPACFIN, the organization, program, 
and network, make the WPACFIN sys- 
tem what it is, a combination of agen- 
cies working together in a voluntary 
and cooperative manner to improve 
fishery management capabilities in the 
central and western Pacific region. 


Problems and Challenges of 
Implementing WPACFIN 


Implementing an information net- 
work among the U.S. affiliated islands 
of the Pacific required resolving some 
challenging problems and operating 
within certain strict limitations. Effec- 
tive communication is important in any 
cooperative undertaking, but it is criti- 
cal in a task such as developing and 
implementing WPACFIN. The first, 
and possibly most obvious obstacle 
limiting communication among partici- 
pating agencies is the physical size of 
the area involved. The distances be- 
tween the central WPACFIN office and 
the flag state agencies are great, and 
the Exclusive Economic Zones (EEZ’s) 
are the largest under jurisdiction of any 
of the Councils, totaling over two mil- 
lion square miles (Fig. 2). To put the 
size of the area in perspective, if the 


central WPACFIN office was in 
Bangor, Maine, the American Samoa 
fisheries office would be in Venezuela 
and the Guam and Saipan offices would 
still be in the Pacific Ocean well west 
of California. The distances make costs 
of on-site visits high, and communica- 
tion via telephone lines is also quite 
expensive; thus, overcoming the com- 
plications caused by the distances in- 
volved was no minor task, but progress 
was steadily made because of the high 
level of cooperation and commitment 
by the flag state agencies. On-site vis- 
its to the flag state agencies by central 
WPACFIN technical staff were well 
planned and always productive by con- 
centrating a lot of activity into the few 
days available. 

Cultural differences represent a sec- 
ond challenge in communication that 
is also somewhat related to the size of 
the area covered. The Samoan, Hawai- 
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ian, and Chamorro/Carolinian cultures 
are all quite different; even within the 
Chamorro/Carolinian cultures of Guam 
and the CNMI, differences exist be- 
tween islands. Overcoming communi- 
cation problems and understanding 
limitations related to cultural differ- 
ences require sensitivity to and respect 
for local customs, preferences, inhibi- 
tions, attitudes, and sometimes under- 
lying and significant prejudices. It 
requires time to build relationships, 
gain confidences, and understand the 
differences and nuances of each island 
culture. Not understanding or ignoring 
cultural differences reduces the effec- 
tiveness of communication and is likely 
to result in less functional and useful 
data systems. The WPACFIN philoso- 
phy embodies these cultural differences 
as much as possible in developing new 
or modifying existing data systems. 
Related to the cultural differences are 
political differences and stages of de- 
velopment of the bureaucracies of the 
island fisheries agencies; these too must 
be considered and overcome. 

Several other complications in de- 
veloping an automated fishery infor- 
mation network in the Pacific may be 
broadly categorized as infrastructure 
problems. In 1981, only the State of 
Hawaii possessed laws requiring the 
reporting of fisheries statistics. There- 
fore, historical data for the early years 
of most island fisheries were inad- 
equate, as was available funding; vol- 
untary reprogramming of available 
funds by the flag state agencies made 
implementing data system changes pos- 
sible. Progress was also hindered by a 
lack of adequate staff. Fisheries and 
computer professionals are still very 
scarce in the Pacific, so the central 
WPACFIN office has had to provide 
nearly all computer training and pro- 
gramming support, at least to the flag 
state agencies. The American Samoa 
and CNMI offices rely almost exclu- 
sively on contract professional biolo- 
gists from the U.S. mainland. As a 
result, a high level of turnover, low 
level of stability in programs, and a 
poor understanding of the history of 
the fisheries exist. The WPACFIN pro- 
gram has worked to help the island 
agencies overcome these problems. 
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The last noteworthy challenge in 
implementing and _ upgrading 
WPACFIN has been the dynamics of 
rapid changes in the fisheries, the data 
needs, and the computer technologies 
over the past decade. In the early years, 
fisheries managers required only a few 
summary tables and enough basic data 
to categorize the fisheries and docu- 
ment their importance for justifying 
and implementing fishery management 
plans. Now, more detailed annual re- 
ports are required that document status 
of the stocks aspects of fishery perfor- 
mance, and selected economic indica- 
tors. Fortunately, computer technology 
capable of handling the increased data 
and analytical needs has also expanded, 
but with the expansion has come a chal- 
lenge of maintaining stability of sys- 
tems while implementing significant 
improvements. This has been accom- 
plished successfully in the flag state 
agencies where levels of cooperation 
were high and levels of bureaucracy 
and changes in the basic fisheries were 
fairly low, but less successfully in 
Hawaii where the reverse is true. 


WPACFIN Evolution 


The discussion of the evolution of 
the WPACFIN system will be divided 
into the same three aspects of 
WPACFIN as previously described, the 
organization, program, and network. 

The original members of the 
WPACFIN organization included all 
those shown in Figure 1, except the 
Guam Department of Commerce, 
which joined in August 1988. Initially, 
HDAR participation in the FDCC was 
self-limited to observer status, but in 
December 1984, with completion of 
the Hawaii statistical system study 
(DLNR’), they became a full voting 
member of the FDCC. The FDCC held 
ten meetings from 1982 to 1989 which 
mostly dealt with issues such as estab- 
lishing memoranda of understanding 
and data share agreements, developing 
guidelines for operating the FDCC, 
implementing the first and second gen- 
eration systems, and seeking additional 


°Div. Aquatic Resources, State of Hawaii. 1984. 
Hawaii fisheries statistics system design study. 
Division of Aquatic Resources, Div. Land and 
Natl. Resources, 214 p. 


funding to support the network. From 
1989 to 1992, the FDCC met eight 
more times and concentrated its ef- 
forts on defining projects and objec- 
tives under the new PACFIN initiative, 
developing a long-term data plan for 
the Pacific, and redefining the func- 
tions, services, and data bases the fu- 
ture WPACFIN system should include. 
The FDCC’s Technical Subcommittee 
has held several workshops and train- 
ing sessions and has developed stan- 
dard guidelines for data quality control 
and file management procedures to be 
used by each member agency in devel- 
oping their own specific procedures to 
insure that only quality data enter the 
central WPACFIN files. 

The WPACFIN program has been 
crucial to WPACFIN system develop- 
ment. Established in 1981 by the South- 
west Fisheries Center as a separate task 
within the Honolulu Laboratory, it was 
initially staffed with one full-time com- 
puter systems analyst. Staff size and 
expertise expanded to improve 
WPACFIN capabilities in meeting 
overall fishery information and Coun- 
cil-related needs. Expertise in fisher- 
ies biology was transferred into 
WPACFIN to help with fisheries ap- 
plications and analyses. 

Discussion of the evolution of the 
WPACFIN network will be limited to 
the major hardware and software used 
and will be described in three sections, 
pre-WPACFIN, first generation 
WPACFIN, and second generation 
WPACFIN. Identification of the data 
bases maintained within the network is 
found in the next section. 

The pre-WPACFIN situation was a 
fairly unstructured, low technology 
environment involving no computer 
use outside Hawaii. Fishery statistics 
in the flag states were computed by 
hand or sometimes with the use of desk- 
top calculators. Data collecting sys- 
tems, where they existed, were fairly 
rudimentary and typically were not 
based on valid statistical designs. Data 
processing at HDAR and the Honolulu 
Laboratory was performed by key- 
punch cards, batch processing, and lim- 
ited time-share processing on state-op- 
erated IBM mainframe computers. Data 
exchanges were limited to periodic 
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transfer of computer tapes from HDAR 
to the Honolulu Laboratory. The 
HDAR had over a two-year backlog of 
data to process. 

The initial steps in implementing the 
first-generation WPACFIN system 
consisted of installing a two-station, 
key-to-disk data entry system at the 
Honolulu Laboratory and Apple II+ 
microcomputer systems in each of the 
original four participating island 
agency main offices plus central 
WPACFIN. These Apples were the first 
microcomputers introduced into any of 
the flag state agencies. The original 
off-the-shelf software included a highly 
structured, but somewhat limited, data 
base management system capable of 
all processing steps from data entry 
through report generation, a spread- 
sheet system, some rudimentary graph- 
ics and statistics packages, word pro- 
cessing, and some basic utilities. By 
the end of 1982 all island systems had 
been installed, basic training provided, 
and data bases established for the 
major fishery monitoring systems 
(Hamm!®). Over the next several years, 
hardware and software upgrades con- 
tinued to be made which included ad- 
ditional computers, networked hard 
drive units in two offices, and exten- 
sive custom-programmed processing 
systems for newly designed and imple- 
mented creel survey sampling pro- 
grams in all flag state areas (Hamm!!). 
Additional data bases and improved 
sampling programs were established 
in all flag state areas to monitor the 
resources better. The HDAR began re- 
ducing the backlog of landings reports 
and completed the WPACFIN-funded 
“Hawaii fisheries statistics system de- 
sign study” (1984). Some of the newly 
designed sampling programs for the 
flag states (e.g., market sampling, size 
frequency and biological sampling, 


Hamm, D. C. 1982. Preliminary description 
of the Western Pacific Fishery Information Net- 
work. U.S. Dep. Commer., NOAA, Natl. Mar. 
Fish. Serv., Southwest Fish. Cent., Honolulu 
Lab., Southwest Fish. Cent. Admin. Rep. H- 
82-2, 11 p. 

"Hamm, D. C. 1985. Western Pacific Fishery 
Information Network, organization and design, 
status and issues. U.S. Dep. Commer., NOAA, 
Natl. Mar. Fish. Serv., Southwest Fish. Cent., 
Honolulu Lab., Southwest Fish. Cent. Admin. 
Rep. H-85-4, 35 p. 


55(2), 1993 


some creel surveys) were never imple- 
mented or were soon terminated be- 
cause of lack of funds to conduct the 
work or because of a lack of demon- 
strated and reinforced need for these data 
for federal management purposes. This 
proved to be most unfortunate as these 
types of baseline data were later needed 
by Council Plan Monitoring Teams. 

In addition to the Apple II+ hard- 
ware for processing centrally stored 
files, the first generation central 
WPACFIN hardware environment ini- 
tially included a time-share link to a 
PDP 1170 minicomputer. However, the 
availability of the minicomputer proved 
to be short-lived, and the Laboratory 
obtained an in-house CPM-based 
multiuser-multiprocessor super-micro- 
computer with over 40 workstations 
which became the central computer for 
some WPACFIN applications. This 
fairly simple first-generation process- 
ing environment continued to meet data 
processing needs into the mid-1980’s 
when it became apparent that a major 
switch to more modern and powerful 
processing equipment would soon be 
needed to meet the ever increasing fed- 
eral requirements for more sophisti- 
cated analysis and reporting. 

The evolution to second-generation 
WPACFIN processing systems began 
with the microcomputer boom of the 
mid-1980’s. 

Whereas most of the first-genera- 
tion hardware and software systems 
were provided through central 
WPACFIN technical and financial sup- 
port, the evolution to second-genera- 
tion WPACFIN processing systems 
required much more financial commit- 
ment from the other participating agen- 
cies. This was partly accomplished 
through reprogramming existing Fed- 
eral grant funds which had already been 
extensively used to implement im- 
provements in data collecting systems, 
and partly through the use of other 
Federal and local funds. The new 
WPACFIN standard operating environ- 
ment centered around the IBM-com- 
patible MS-DOS microcomputer and 
the dBASE data base management sys- 
tem. The microcomputer revolution 
soon reached all participating agencies, 
and they began expanding their use of 


computers beyond their fisheries data 
sections to their fisheries biologists, 
and wildlife and administrative sec- 
tions. The American Samoa DMWR, 
CNMI DFW, and Guam DOC offices 
followed the WPACFIN standard al- 
most exclusively in their expansion ef- 
forts, but the Guam DAWR office 
chose to use the Apple Macintosh sys- 
tem and the HDAR office expanded in 
several directions simultaneously: into 
direct use of the IBM mainframe, a, 
newly installed State WANGNET 
minicomputer system, and into in- 
creased use of both Macintosh and 
IBM-compatible microcomputers. 
During the evolution to second-gen- 
eration computer systems, the major 
emphasis of the central WPACFIN pro- 
gram was to support the conversion to 
the new IBM-compatible operating en- 
vironment by assisting with purchases 
of hardware and software and by de- 
veloping much more sophisticated and 
comprehensive, user-friendly, menu- 
driven dBASE applications for an in- 
creasing number of data collection and 
analysis systems. The most recent 
phases of implementing the second 
generation WPACFIN system include 
establishing direct computer-to-com- 
puter telecommunications links be- 
tween the central office and all other 
agencies, and creating an on-line cen- 
tral system for dial-in access to princi- 
pal island data sets. The evolution into 
the second-generation operating envi- 
ronment is continuing. As all the basic 
fisheries data systems become fully 
functional in the new operating envi- 
ronment, more emphasis will be placed 
on developing more integrated data 
systems and additional analysis, assess- 
ment, and reporting systems to enhance 
fisheries monitoring and management. 


Current Data Systems 


NMFS and each of the four island 
areas have a variety of data bases and 
associated collecting and processing 
systems to facilitate fisheries monitor- 
ing and management activities (Table 
1), but it is beyond the scope of this 
paper to document them fully. Each 
fishery, island agency, and data pro- 
cessing system has its own needs, pe- 
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culiarities, uses, capabilities, and limi- 
tations that make it unique. In general, 
each agency is responsible for ensur- 
ing its data are as accurate as possible 
before sharing files through the central 
WPACFIN office. Most data collected 
by participating island agencies are 
centrally archived for ready access and 
data sharing in WPACFIN files at the 
Honolulu Laboratory. Most data collected 
by NMFS are maintained at the Honolulu 
Laboratory by the Fishery Management and 
Performance Investigation to reduce 
WPACFIN storage requirements. Not all 
data are readily available to all users be- 
cause of confidentiality or sensitivity con- 
siderations, or because use of the data is 
local rather than regional. 

From a fisheries monitoring perspec- 
tive, the most important systems in each 
island area are the commercial land- 
ings, creel survey, and logbook sys- 
tems. Even though these systems vary 
significantly in design and degree of 
implementation from island to island 
and from system to system (e.g., vol- 
untary vs. mandatory, on-site vs. mail- 
in, census vs. sample, and local agency 
vs. central WPACFIN sponsored), they 
provide the basis for monitoring fish- 
eries of the area. The other data sys- 
tems operated by fisheries agencies 
provide important validation cross- 
checks, biological status, augmentary, 
and ancillary information on the re- 
sources and fisheries exploiting them. 


Future Goals of the 
WPACFIN System 


During the past 11 years, significant 
progress has been made toward meet- 
ing fisheries management needs in each 
of the Pacific island areas under the 
Council’s jurisdiction; however, much 
more remains to be done. Fisheries 
management information requirements 
continue to change, and significant data 
and information gaps still exist. Filling 
those gaps will require some reorien- 
tation of major activities within the 
WPACFIN system to implement fur- 
ther improvements in the methods of 
data collection, processing, analysis, 
and reporting. Some of the goals of the 
WPACFIN system for future activities 
are the following: 
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Tabie 1.—Data 





System 


Hawaii 





Commercial landings 
Offshore “creel” surveys 
Inshore “creel” surveys 
“Tuna” transshipment 
Vessel inventory 
Tournament sampling 
Length/size sampling 
Biological sampling 
Permits and licenses 
Imports and/or exports 
HI auction monitoring 
NWHI lobster logbooks 


Longline logbooks 


x 
x< 


x 
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1) Analyze existing data systems to 
document information gaps. 

2) Establish additional data collect- 
ing, processing, and analyzing stan- 
dards, and implement changes required 
to meet those standards. 

3) Implement computer-based tele- 
communications between all partici- 
pating agencies to facilitate data 
exchange and system upgrades. 

4) Establish dial-in access to cen- 
trally archived data bases. 

5) Establish integrated central data 
bases and create a sophisticated query 
system to improve access to and use of 
available data. 

6) Develop new and improved fish- 
eries assessment and analysis systems 
to increase the reliability of informa- 
tion used in the fishery management 
decision making process. 

7) Encourage further state and Fed- 
eral cooperative efforts in meeting fish- 
ery management objectives in the 
western Pacific. 


Summary 


Over the past 11 years the NMFS’s 
WPACFIN program has assisted is- 
land fisheries agencies in advancing 
from nonexistent or rudimentary 
manual data systems to sophisticated 
computerized systems capable of pro- 
viding useful fisheries monitoring and 
analysis information on a timely basis. 
Through the cooperative efforts of all 
participating agencies, the WPACFIN 
system has become the common thread 
that weaves the member agencies to- 


gether through sharing data and infor- 
mation about the fisheries of the Pa- 
cific in their efforts to protect and 
manage these resources. 

Several critical factors have been 
identified which influence the level of 
success obtainable in implementing a 
complex, intergovernmental, voluntary, 
and cooperative project such as this 
fishery information network: 

1) Commitment and ability of agen- 
cies to implement changes and provide 
resources to accomplish change. 

2) Long-term commitment and qual- 
ity of individual employees involved 
in the project, especially those involved 
in project management. 

3) Consideration of local needs, cul- 
ture, politics, capabilities, limitations, 
and personnel. 

4) Continual contact, support, feed- 
back, and training. 

As fisheries change and fisheries 
management needs grow in complex- 
ity and diversity, so must the resolve 
of the participating agencies grow to 
meet the new challenges. The most 
important factor influencing the future 
of the fisheries of the Pacific will con- 
tinue to be the desire and the ability of 
the many agencies to work together to 
become a unified force in meeting the 
challenges of rational and effective fish- 
eries management. It is the long-term 
goal of the WPACFIN system to assist in 
making effective management a reality. 
The WPACFIN system continues to 
evolve to meet needs of rapidly changing 
fisheries management requirements. 
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The Commercial, Subsistence, and Recreational Fisheries 
of American Samoa 


PETER CRAIG, BONNIE PONWITH, FINI AITAOTO, and DAVID HAMM 


Introduction 


Many tropical islands in the South 
Pacific Ocean are confronted by rap- 
idly growing human populations, but 
have few economic resources that their 
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ABSTRACT—Domestic fisheries in 
American Samoa landed 587,000 lb of fish 
and invertebrates in 1991 worth $993,000. 
Most of the catch (78%) and value (80%) 
was taken by the shoreline subsistence fish- 
ery that occurs on the coral reefs sur- 
rounding the islands. Artisanal fisheries 
for offshore pelagic fishes (primarily skip- 
jack tuna, Katsuwonus pelamis; and yel- 
lowfin tuna, Thunnus albacares) and 
bottomfishes (snappers, emperors, grou- 
pers) accounted for 16% and 3%, respec- 
tively, of the domestic catch. Recreational 
tournament catches for pelagic fishes rep- 
resented the remainder (3%). 

While sport fishing is becoming increas- 
ingly important, other domestic fisheries 
have declined in recent years. The shore- 
line subsistence fishery has dropped by 
about 25% over the past decade owing 
to socioeconomic factors and possibly 
overexploitation. Artisanal fisheries have 
also declined precipitously in recent years 
owing to hurricane-related damages, at- 
trition of fishermen, and competition with 
imports. Artisanal fisheries show some po- 
tential for growth, but may be constrained 
by marketing issues, vessel capabilities, 
and limited stock sizes (for bottomfish) or 
local availability of high-value (pelagic) 
fishes. 

In contrast to the small-scale domestic 
fisheries, American Samoa is also 
homeport to a distant-water fleet of large 
purse seiners and longliners that fish be- 
yond the EEZ and deliver about 160,000- 
220,000 short tons of tuna per year to 
local canneries. 
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residents can utilize. Fish resources, 
from traditional subsistence fishing in 
times past to today’s more modern 
boat-based fisheries, have always been 
an important component of island 
economies (Doulman and Kearney, 
1991). It is therefore of interest to ex- 
amine the current use and potential de- 
velopment of such fisheries. An 
overview of recent trends in the small, 
but locally important, domestic fisher- 
ies in American Samoa is presented in 
this paper. This includes four fisher- 
ies: 1) a shoreline subsistence fishery, 
2) an artisanal fishery for offshore pe- 
lagic fishes, 3) an artisanal fishery for 
offshore bottomfish, and 4) a recre- 
ational tournament fishery. For com- 
pleteness and contrast, the much larger 
distant-water fleet of commercial ves- 
sels that deliver tuna to canneries in 
American Samoa is also briefly described. 


Study Area 


American Samoa, the only U.S. Ter- 
ritory in the southern hemisphere, con- 
sists of 7 small islands in the central 
South Pacific Ocean (Fig. 1). The larg- 
est islands are Tutuila and the Manu’a 
group (Ofu, Olesega, and Ta’u Islands). 
The total land area is only 77 mi.” . 
Most of the islands have steep volca- 
nic slopes with limited flat land suit- 
able for human habitation or 
agriculture. The Territory’s population 
(46,600 in 1990), located primarily on 
Tutuila Island, is growing rapidly 
(3.7% per year) and has a doubling 
time of only 19 years (EDPO, 1991). 
The two major employers are the tuna 
canneries and the local government, 
which employ 33% and 31% of the 
labor force, respectively. There is a 
heavy reliance on imports for food, 
fuel, and materials (EDPO, 1991). 


Canned tuna is the only significant ex- 
port, which supplies about 25% of all 
canned tuna consumed in the United 
States. 


Data Collection System 


The Department of Marine and Wild- 
life Resources (DMWR) in American 
Samoa provides fisheries information 
to the National Marine Fisheries Ser- 
vice (NMFS) through its Western Pa- 
cific Fisheries Information Network 
(WPACFIN) and to the Western Pa- 
cific Regional Fishery Management 
Council (WPRFMC). The Council is 
responsible for managing fisheries 
within the 200-mile Exclusive Eco- 
nomic Zones (EEZ) around American 
Samoa, Hawaii, Guam, the Common- 
wealth of the Northern Marianas, and 
other U.S. possessions in the Pacific. 

The historical development of 
DMWR has been described by Itano 
(1991). DMWR (initially the Office of 
Marine Resources) was established in 
the 1960’s to oversee fisheries devel- 
opment projects and conduct resource 
assessments. In 1972, the development 
of artisanal fisheries began in earnest 
as did DMWR’’s data collection efforts. 
With assistance from WPACFIN in the 
1980’s, the data collection program was 
significantly upgraded and expanded 
to provide better coverage and statis- 
tics for all local boat-based fisheries. 

General procedures for DMWR data 
collectors are to sample the artisanal 
fisheries two weekdays and one week- 
end (or holiday) per week, as described 
in detail by Aitaoto et al. (1991). Dur- 
ing sample days, a creel survey is con- 
ducted as boats dock at designated 
harbors between 0500 and 2100 h. The 
fishermen are interviewed and their 
catches examined. To produce annual 
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Figure 1.—Location of American Samoa (14° S, 170° W) in the South Pacific Ocean. 


catch statistics, the creel survey infor- 
mation is computerized, verified, and 
expanded to account for times and ar- 
eas not sampled. In the Manu’a Is- 
lands, the fishing fleet is small and the 
catch from nearly every boat is moni- 
tored; data are adjusted for the few 
trips not sampled. For recreational tour- 
naments, DMWR provides the official 
weigh-in station and tallies landings 
from all participating boats. 

The shoreline subsistence fishery on 
Tutuila Island was first examined in 
the late 1970’s by Hill (1978) and Wass 
(1980). Beginning in 1991, the fishery 
is again being monitored by a creel 
and participation survey, conducted 3 
days a week, stratified by time of day 
and type of day (weekday/weekend) 
(Ponwith, 1992). Catch data were first 
expanded to the entire study area along 
the south shore of Tutuila, where 35% 
of the people live. Then, on a per- 
capita basis, results were expanded to 
produce a Territorial catch. 

The distant-water fleet that delivers 
tuna to canneries in American Samoa 
has been monitored by NMFS, either 


procedures are described by Honda et 
al.' and Ito and Yamasaki’. 


Regulations and Enforcement 


Few of WPRFMC’s regulations have 
focused on American Samoa’s EEZ, 
because no major commercial fishery 
operates there at present. A goal, how- 


'Honda, V., G. Yamasaki, and R. Ito. 1988. 
American Samoa purse seine fishery sampling. 
U.S. Dep. Commer., NOAA, Natl. Mar. Fish. 
Serv., Southwest Fish. Center., Honolulu Lab., 
Admin. Rep. H-88-20, 35 p. 

Ito, R., and G. Yamasaki. 1988. Status of the 
American Samoa foreign longline tuna fishery, 
1982-86. U.S. Dep. Commer., NOAA, Natl. 
Mar. Fish. Serv., Southwest Fish. Cent., Hono- 
lulu Lab., Admin. Rep. H-88-19, 30 p. 


ever, will be to insure that local resi- 
dents have opportunities to participate 
in future fisheries developments that 
do occur. Preferential rights for indig- 
enous people are currently being re- 
searched, and a control date (1 Jan. 
1991) was set for possible implemen- 
tation of a limited entry program for 
longline fishing. Occasional poaching 
by foreign vessels occurs in the EEZ, 
but no enforcement vessels or aircraft 
are available for surveillance. 

Territorial regulations that apply to 
the management of local fisheries in- 
clude record keeping for commercial 
fishermen, seafood dealers, and fish 
processors, as well as specific laws 
(mostly pertaining to reef users) re- 
garding illegal fishing methods, gear 
restrictions, and species size limits. 
Enforcement of territorial regulations 
is at an early stage of development. 


Domestic Fisheries 


The annual harvest of combined do- 
mestic fisheries in 1991 was 587,000 
pounds, valued at $993,000 at local 
market prices. By far the majority of 
this catch (78%) and value (80%) was 
taken by the shoreline subsistence fish- 
ery (Fig. 2). It should be noted, how- 
ever, that none of the domestic fisheries 
is strictly a commercial, subsistence, 
or recreational enterprise. These terms 
are used only to describe the principal 
nature of the fishery because some fish 
are sold and others are retained for 
personal use in each fishery. The per- 
centage of fish sold varies consider- 
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directly or by contract to DMWR, since 
1963. The NMFS port sampling pro- 
gram collects vessel logbooks, length- 
frequencies of tuna species, and 
cannery summaries of vessel landings 
by species and gear type. Sampling 











Figure 2.—Annual landings and value of four domes- 
tic fisheries in American Samoa in 1991. Units on the 
vertical axis refer to both dollars and pounds. 
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ably: Recreational tournaments (10% 
sold), shoreline subsistence fishery 
(25%), artisanal bottomfish fishery 
(65%), artisanal pelagic fishery (85%). 


Shoreline Subsistence Fishery 


The islands of American Samoa are 
partially surrounded by a narrow fring- 
ing coral reef, the top of which is ex- 
posed at low tide. The reeftop and 
adjacent shallow waters are inhabited 
by a diverse array of fish and shellfish 
species (Wass, 1984; USACE? *) that 
are harvested by local residents on al- 
most a daily basis throughout the year 
(Hill, 1978; Wass, 1980; Ponwith, 
1992). Most fishing is accomplished 
by individuals on foot who fish in ar- 
eas adjacent to their own village. Prin- 
cipal fishing methods used are rod and 
reel (which accounted for 37% of the 
annual catch in 1991), handline (25%), 
free diving (14%), gill netting (9%), 
gleaning (8%), and throw netting (5%). 
Gleaning involves the collection of fish 
and invertebrates at low tide, usually 
by hand, stick, or steel rod. 

The 1991 island-wide subsistence 
catch on Tutuila Island was 439,000 
pounds and was worth $768,000 at the 
average rate of $1.75/pound (Ponwith, 
1992). Expanding these data to include 
limited catches in the Manu’a islands 
produces a total subsistence catch in 
the Territory of 456,000 lb, worth 
$798,000. The average catch per unit 
of effort (CPUE) was 3 pounds/gear-h; 
highest CPUE was obtained by gill net- 
ting (12.2 pounds/gear-h), followed by 
throw net (4.9 pounds/gear-h), free div- 
ing (2.9), rod and reel (2.9), gleaning 
(1.7), handline (1.4), and bamboo pole 
hook and line (0.7). 

Virtually all fish and invertebrate 
species caught were retained for con- 
sumption or sale. Altogether, 69 spe- 
cies or species groups were harvested; 
fishes accounted for 86% of the total 
catch by weight. One coastal migra- 
tory fish species, the atule or bigeye 
scad, Selar crumenophthalmus, domi- 


3USACE. 1980. Coral reef inventory of Ameri- 
can Samoa. U.S. Army Corps Eng., Honolulu, 
Hawaii, 314 p. 

4USACE. 1994. Coral reef inventory of Ameri- 
can Samoa. U.S. Army Corps Eng., Honolulu, 
Hawaii. 


55(2), 1993 


Table 1.—Catch p of the sh 
sistence fishery on Tutuila Island in 1991. 





sub- 





Catch Average 
Composition Weight 
Reef species group (%) (Ib) 





Coastal Migrants 
Atule 
(big-eye scad) 


Selar 
crumenoph- 
thalmus 


= 
fo) 


Reef Residents 
Jacks 
Surgeonfish 
Mullet 
Octopus 
Groupers 
Sea urchins 
Palolo worms 
Squirrelfish 
Snappers 
Parrotfish 
Sea snails 
Other 


Total catch: 439,000 pounds 


-_ 
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Carangidae 
Acanthuridae 
Mugilidae 
Octopus sp. 
Serranidae 
Echinoid 
Eunice viridis 
Holocentridae 
Lutjanus spp. 
Scaridae 
Gastropoda 


-_ 





nated the harvest in 1991 (Table 1). 
Jacks, surgeonfish, mullet, and octo- 
pus made up the majority of the reef- 
resident species taken. The average 
sizes of fishes taken were surprisingly 
small (Table 1), particularly for grou- 
pers and snappers which had very low 
mean weights (0.3—0.4 pound). Some 
favored species, such as giant clams, 
Tridacna spp., were generally absent in 
reef catches because of overharvesting. 

One unique species taken was the 
palolo worm Eunice viridis, a burrow- 
ing polychaete. Palolo generally 
emerge once a year to release their 
reproductive segments (epitokes) into 
nearshore waters (Caspers, 1984; Itano 
and Buckley, 1988). Samoans, who 
consider the epitokes a delicacy, gather 
in large numbers (up to 1,000’s) at 
midnight of the predicted night of emer- 
gence to collect the epitokes using 
scoop nets or long lengths of screen. 
Ponwith (1992) reported that palolo 
catches were highly variable (3,400 
pounds in 1990, 600 pounds in 1991) 
because of the strength of the swarm- 
ing event and the presence of offshore 
winds that concentrate the epitokes near 
the shoreline, making them more ac- 
cessible to the villagers. 

An opportunity to identify trends in 
the shoreline fishery was provided by 
two similar studies conducted in 1979 
(Wass, 1980) and 1991 (Ponwith, 1992) 
on Tutuila Island. During this 12—year 
period, the island-wide catch decreased 
by 26%; however, differences in the 
run strength of the atule, an annually 


variable migrant to the shoreline area, 
tend to obscure an even greater decline 
in catch. In 1979 the atule catch was 
relatively small, only 13% of the total 
catch compared to 46% in 1991. By 
removing this species from the analy- 
ses and considering only the reef-resi- 
dent species, a major drop is apparent 
in the adjusted island-wide catch 
(-54%) over the past 12 years, while 
effort decreased only 8% (Fig. 3). 

Downward trends in catch and ef- 
fort seem even more significant since 
there was a 46% increase in the human 
population during the same period 
(EDPO, 1991). With this influx of 
people and reduced fishing effort, the 
per capita subsistence catch on Tutuila 
Island dropped from 19.4 to 9.8 pounds. 
Some possible explanations for the re- 
duced catch and effort include a de- 
cline in resource abundance (reflected 
by a drop in CPUE) or sociological 
changes such as less leisure time, a 
shift in dietary preferences, or a pref- 
erence to buy fish at the market rather 
than to catch them personally. Imports 
of reef fish from Western Samoa and 
Tonga have occurred in recent years 
(at least 10,200 pounds in 1991) and 
appear to be increasing. 

In general, the shoreline subsistence 
fishery appears to be declining, al- 
though it still far exceeds harvests of 
other domestic fisheries in American 
Samoa. Two notable exceptions to this 
apparent decline in interest are the di- 
rected fishing efforts for two highly 
prized species, the atule and palolo. 


Artisanal Fisheries 


While local fishermen in American 
Samoa have harvested inshore fishes 
over the millennia, they have also made 
significant catches of offshore fishes 
since the 1970’s. Itano (1991) describes 
in detail several “boom and bust” cycles 
that occurred over the years as various 
fisheries development projects were 
introduced. One of the more lasting 
projects was the small-boat “Dory 
Project” (1972-75) in which subsidized 
dory-type boats were made available 
to fishermen who then supplied catch 
information to DMWR. Though the 
project faded because of a variety of 
problems, Itano (1991) notes that it 
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Figure 3.—Comparison of catch and effort in the shore- 
line subsistence fishery on Tutuila Island in 1979 
(Wass, 1980) and 1991 (Ponwith, 1992). 


inaugurated the current artisanal fish- 
eries in American Samoa. Although 
catch statistics from the Dory Project 
are incomplete, CPUE data are avail- 
able for comparison to current catch 
rates. 

The two components of the current 
offshore artisanal fishery are 1) troll- 
ing for pelagic fishes in surface waters 
and 2) vertical handlines (with baited 
hooks) for bottomfish (Aitaoto et al., 
1991). Fishing is typically conducted 
from small boats (e.g., 28-foot alumi- 
num catamarans) fishing 1-25 miles 
offshore on 1-day trips. In 1991, boats 
participating in the pelagic fishery (30 
boats) and bottomfish fishery (20 boats) 
landed relatively small amounts of fish, 
thus indicating the part-time nature of 
their participation in the fisheries. The 
average catch was about 130 pounds 
per trip in both fisheries, and the an- 
nual catch per vessel averaged 910 
pounds of bottomfish and 3,030 pounds 
of pelagic fish. 


Artisanal Pelagic Fishery 


Most pelagic fishing occurs in 
coastal waters, near seamounts, where 
seabird flocks are feeding (thus indi- 
cating the presence of baitfish that tuna 
may also be feeding upon), or at fish 
aggregation devices (FAD’s) deployed 
around Tutuila Island. FAD’s were in- 
troduced to American Samoan coastal 
waters in 1979 and have proven to be a 
popular way to increase the CPUE of 
widely dispersed pelagic fishes (Buck- 
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ley et al., 1989). The lifespan of FAD’s 
ranges about 3-30 months, and in re- 
cent years, 1-5 FAD’s have been on 
station at any given time. 

The artisanal catch of pelagic fish 
totaled 94,900 pounds in 1991, worth 
about $144,200 (this includes the value 
of pelagic fish retained for personal 
use) at an average price of $1.52/pound. 
Catches have ranged from 100,000 to 
240,000 pounds in recent years (Fig. 4), 
and consisted primarily of skipjack and 
yellowfin tuna (Table 2). CPUE was 
variable (Fig. 5), as might be expected 
for oceanic migratory species, but cur- 
rent CPUE’s are generally similar to 
CPUE’s obtained during the start-up 
of the fishery in the 1970's (1.e., the 
Dory Project). 

The recent drop in pelagic landings 
reflects, in part, recent hurricane-re- 


lated damage (Hurricanes Tusi in 1987, 
Ofa in 1990, and Val in 1991), and the 
departure of several “highliners” from 
the fishery. Declines in revenue gener- 
ated by the pelagic fishery (Fig. 6) 
from 1988 to 1990 were a result of 
drops in both landings and price; how- 
ever, revenue made a slight comeback 
in 1991 owing to an increase in price. 
The pelagic fishery competes with an 
inexpensive and readily available sup- 
ply of frozen fish that is purchased or 
bartered from foreign longline vessels 
delivering tuna to the canneries in 
American Samoa. In some cases, the 
domestic skippers themselves act as 
middlemen in such transactions. It is 
difficult to assess the influence that 
this fish source has on the market sup- 
plied by local fishermen, though Itano 
(1991) speculates that it inhibits the 
development of a viable artisanal fish- 
ery in the Territory. 


Table 2.—Catch composition of the artisanal pelagic 
fishery, 1989-91. 





Catch in 
1989-91 (%) 
Mean 


Pelagic species Range 





Skipjack tuna 
Yellowfin tuna 
Blue marlin 
Sharks 
Dolphinfish 
Barracudas 
Little tuna 
Wahoo 
Dogtooth tuna 
Other 


Katsuwonus pelamis 55 
Thunnus albacares 28 
Makaira mazara 
Miscellaneous 

Coryphaena hippurus 
Sphyraena spp. 

Euthynnus affinis 
Acanthocybium solandri 
Gymnosarda unicolor 


Mean annual catch (Ib): 124,200 
Range (Ib): 83,500-198,200 

















Figure 4.—Annual landings and effort of the artisanal fishery for offshore 


pelagic fishes. 
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Figure 5.—CPUE trends for artisanal fisheries for bottomfish 
and troll-caught pelagic fishes. Data in 1977 were insufficient 
for pelagic catches, and no data were recorded in 1979-81. 


Artisanal Bottomfish Fishery 


Bottomfish fishing occurs at depths 
of 15-100 fm around Tutuila Island 
and offshore seamounts. Suitable habi- 
tat for bottomfish is limited because 
the islands slope steeply into deep wa- 
ter and there are few seamounts in the 
Territory. The 100—fm isobath extends 
110 n.mi. around the seven islands of 
American Samoa and 34 n.mi. around 
its seamounts (Itano, 1991). Dalzell and 
Preston (1992) estimate that the maxi- 
mum sustainable yield (MSY) for deep 
slope bottomfish is about 8-27 t/year. 

A small fishery for bottomfish was 
developed as a result of several gov- 
ernment-funded projects in the 1970’s 
and 1980’s, and some high-valued fish 
(e.g., deepwater snappers) were 
shipped to Hawaiian markets for higher 
prices. But as these projects terminated 
and catches dropped, interest waned, 
and the fishery declined. The fishing 
grounds were “fished out” and catches 
probably exceeded MSY during this 
period (Itano, 1991). 

In the past several years, the 
bottomfish fishery has collapsed to only 
14% of its 1985 peak year (Fig. 7), and 
no fish are being marketed off the is- 
land. This decline appears to be due to 
several factors in addition to overfish- 
ing: Decreased subsidies to the fishery 
(Itano, 1991), the departure of several 
highliners from the fishery, and hurri- 
cane-related damage to local boats. 
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Figure 6.—Annual revenue (inflation adjusted) for artisanal 


Snappers, emperors, and groupers 
accounted for most of the 18,100 
pounds of bottomfish landed in 1991 
(Table 3). This catch was worth 
$32,800 (this includes the value of 
bottomfish retained for personal use) 
at an average price of $1.81/pound. 
CPUE has varied between 10 and 20 
pounds/boat-h, which is similar to 
CPUE’s from the Dory Project in the 
1970s (Fig. 5). 

Revenue trends for the bottomfish 
fishery parallel the decline in catch 
(Fig. 6). Fishermen are also beginning 
to experience marketing conflicts with 
the recent influx of fresh bottomfish 
imported from Western Samoa and 
Tonga. In 1991 (the first year for which 
nearly complete data are available), 


fisheries for bottomfish and pelagic fishes. This graph illus- 
trates commercial sales but does not include the value of 
fish retained for personal use. 


imports of bottomfish were at least 
19,400 pounds, thereby exceeding lo- 
cal landings of bottomfish. 


Tournament Fishery 


Tournaments for pelagic fishes are 
popular events in the Territory. Typi- 
cally, 7-14 local boats and 55-70 fish- 
ermen participate in each tournament, 
which are held 2-5 times per year, each 
lasting about 3 days. Tournament land- 
ings have been monitored almost yearly 
since 1974. 

During 1974-92, the average fish- 
ing trip lasted 10 h and caught 12.3 
pounds fish, for a daily trip average of 
118 pounds (range 0-949 pounds), all 
species combined. After cancellation 
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Figure 7—Annual landings and effort of the artisanal fishery for 


bottomfish. 





of most tournaments in 1990 in the 
aftermath of Hurricane Ofa, a sharp 
increase in participation and catches 
(as well as monitoring efforts) occurred 
in 1991 (Fig. 8). All reported landings 
(Fig. 8) are considered minimum esti- 
mates because 1) skipjack tuna and 
sharks were caught but often not re- 
ported because there was no tourna- 
ment prize for them and 2) a fish caught 
might not be reported if a larger prize- 
winning one had already been landed. 

The species composition of the five 
tournaments in 1991 consisted prima- 
rily of yellowfin tuna, blue marlin, and 
skipjack tuna (Table 4). Average and 


Table 3.—Catch composition of the artisanal 
bottomfish fishery, 1989-91. 





Catch in 


Bottomfish species 


1989-91 (%) 


Mean 


Range 





Biuelined snapper 
Redgill emperor 
Gray jobfish 
Longnose emperor 
Lunartail grouper 
Other groupers 
Humpback snapper 
Ambon emperor 
Squirrel. snapper 
(ehu) 
Jacks (unidentified) 
Black jack 
Twinspot/red 
snapper 
Longtail snapper 
(onaga) 
Other emperors 
Peacock grouper 


Silverjaw jobfish 
(lehi) 

Opakapaka 

Kusakar’s snapper 

Flower snapper 
(gindai) 

Other 


Lutjanus kasmira 17 
Lethrinus rubrioperc. 12 
Aprion virescens 10 
Lethrinus elongatus 7 
Variola louti 6 
Serranidae 6 
Lutjanus gibbus 5 
Lethrinus amboinensis 4 


Etelis carbunculus 4 
Carangidae 
Caranx lugubris 3 


Lutjanus bohar 3 


Etelis coruscans 

Lethrinidae 

Cephalopholis 
sonnerati 


Aphareus rutilans 

Pristipomoides spp. 

Paracaesio kusakarii 

Pristipomoides 
zonatus 


14-20 
11-14 
7-14 
4-10 
5-8 
2-10 
4-6 
3-5 


3-6 
3-6 
4 
2-4 


2-4 
2-4 


Mean annual catch (Ib): 26,300 
Range (Ib): 15,400-45,300 





Table 4.—Catch composition and weight of fish 
caught in recreational fishing tournaments. Note that 
record weights for sharks and skipjack tuna may be 
artificially low because these were not target species. 





Tournament records’ (Ib) 





Composition 


Species in 1991 (%) Mean Maximum 





Yellowfin tuna 36 16 185 
Blue marlin 23 132 542 (636)? 
Skipjack tuna 192 9 36 
Wahoo 8 19 54 
Mahimahi 6 23 51 
Sailfish 4 75 110 
Shark 1? 87 125 





' 1974-1992 

2 Minimum estimate due to incomplete reporting 

3 A nontournament blue marlin weighing 636 pounds 
was caught in 1984, and a larger one was caught but 
notr ded (H. Sesep a, personal commun.). 





maximum weights of fishes caught 
(Table 4) are smaller than Hawaiian 
records, perhaps due to a much lower 
sport fishing effort in American Samoa. 

The tournament CPUE for targeted 
species (blue marlin, yellowfin tuna, 
wahoo, and mahimahi) has been in- 
creasing over the years (Fig. 8), prob- 
ably for several reasons. The fishermen 
are using better fishing gear and they 
have larger boats that can go farther 
offshore to fish around seamounts. In 
addition, the introduction of FAD’s 
around Tutuila Island has resulted in 
higher catch rates (Buckley et al., 
1989). 

Tournament fishing is becoming in- 
creasingly important in American Sa- 
moa, and it contributed 3% of the total 
domestic landings in 1991 in only 16 
days of fishing. The catch during this 
short period nearly equailed the yearly 
artisanal bottomfish harvest and 
amounted to 19% of the artisanal pe- 
lagic harvest. 


Commercial Tuna Fishery 


In contrast to the small-scale nature 
of the domestic fisheries, American 
Samoa is also homeport to a distant- 
water fleet of large commercial ves- 
sels that deliver tuna to the canneries 
on Tutuila Island. These vessels fish 
beyond American Samoa’s EEZ in the 
central and western Pacific Ocean. 
Fleet composition and landings have 
changed over the nearly 40 years that 
the canneries have been in operation, 


but it is beyond the scope of this paper 
to document these changes (see reports 
by Otsu and Sumida, 1968; Yoshida, 
1975; Doulman, 1987; Schug and 
Galea’i, 1987; Honda et al.'; Ito and 
Yamasaki’). 

The current fleet consists of 1) U.S. 
purse seiners that fish for skipjack and 
yellowfin tuna (about 30 vessels), 2) 
U.S. trollers that fish for albacore 
(about 30 vessels), and 3) foreign 
longliners that fish for albacore, yel- 
lowfin tuna, and bigeye tuna (about 70 
vessels, mostly Taiwanese). In addi- 
tion, transshipments of tuna are deliv- 
ered to American Samoa by freezer 
vessels, and foreign sashimi longliners 
occasionally deliver part of their catch 
to the canneries. 

Annual tuna landings in American 
Samoa have run about 160,000- 
220,000 short tons in recent years. 
Skipjack tuna accounted for most of 
the deliveries, followed by yellowfin 
tuna and albacore (Fig. 9). The catch 
by gear type was purse seine (50%), 
longline (14%), and troll (1%). The 
remainder (34%) was fish caught by 
purse seine and delivered to the can- 
neries by freezer vessels. 


Discussion 


Domestic fisheries may be small by 
commercial standards, but they are lo- 
cally significant to the economy of 
American Samoa. The yearly harvest, 
originating primarily from the subsis- 
tence fishery on the coral reefs around 
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Figure 8.—Total reported catch of all species in fishing tourna- 
ments (bars) and CPUE (line) for the four principal target spe- 
cies: Blue marlin, yellowfin tuna, wahoo, and mahimahi. No data 
are available for 1975-76 and 1982. 
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Figure 9.—Species composition of tuna delivered to can- 
neries in American Samoa by the distant-water fleet of 
large commercial purse seiners and longliners. 


the islands, amounted to 587,000 
pounds worth nearly a million dollars 
in 1991. This dollar value does not 
fully represent the economic or social 
significance of this resource because 
of the subsistence component of Sa- 
moan culture and the generally low 
wage scale received by islanders who 
are employed. 

A general decline in the catch and 
effort in the shoreline subsistence fish- 
ery has been noted, as might be ex- 
pected in a society undergoing a shift 
from a subsistence economy to a cash 
economy. Nonetheless, the shoreline 
subsistence fishery still accounts for 
the major share of the total domestic 
catch and value. Consequently, there 
is a continuing need for the islands to 
better protect their reef resources from 
adverse impacts, some of which are 
readily apparent (e.g., pollution, silt- 
ation, destructive fishing practices). 
The scarcity of some highly sought 
reef species (e.g., giant clams), and the 
small sizes of fishes presently caught 
in the shoreline fishery also indicate 
that overfishing is probably occurring 
for some species. 

Which of the domestic fisheries, if 
any, holds promise for further devel- 
opment? For the reasons outlined 
above, the shoreline subsistence fish- 
ery is an unlikely candidate. Similarly, 
the bottomfish fishery has already 
peaked because of the limited amount 
of suitable bottom habitat required by 
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those species. However, considering 
the low level of fishing that occurs at 
present, the bottomfish fishery could 
withstand some increase in harvest. 

Probably the least developed domes- 
tic fishery is that for pelagic fishes 
(tuna, marlin, swordfish, etc.) in the 
offshore waters of the Territory. These 
fishes are presumably part of large oce- 
anic stocks which are unlikely to be 
diminished by small-scale artisanal 
fishing efforts. Rather, any expansion 
of this fishery will likely depend on 
several other factors. First, there are 
few local vessels at present that are 
large enough to undertake the multiple- 
day fishing trips necessary to fish prof- 
itably. None have freezer capabilities, 
and an adequate shoreside supply of 
ice is not yet available. Second, an 
increased supply of fish would quickly 
saturate local demands for fish, thus 
necessitating off-island marketing and 
shipping costs. Third, although pelagic 
resources are vast, their local avail- 
ability may fluctuate because of sea- 
sonal variations or local depletions. 
Thus, a successful fishing enterprise 
by local residents would need to re- 
solve important issues regarding ves- 
sel capabilities, marketing, and the 
availability of high-valued pelagic 
fishes in Territorial waters. However, 
an expansion of the sport fishery for 
pelagic fishes is not similarly encum- 
bered, and indeed appears to be gain- 
ing popularity. 
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Guam’s Small-Boat-based Fisheries 


Introduction 


Nearly 900 finfish species and a 
similar number of macroinvertebrate 
species inhabit the waters surrounding 
Guam. Approximately one-third of the 
species of finfishes and a smaller con- 
tingent of the invertebrates are utilized 
in the subsistence or commercial fish- 
eries. Guam’s exploited fisheries re- 
sources can be divided into the 
following five major groups based on 
biology and harvest method: Marine 
invertebrates, reef fishes, bottomfishes, 
pelagic fishes, and bigeye scad. Ma- 
rine invertebrates include crustaceans, 
shelled mollusks, cephalopods, and 
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ABSTRACT—Recent trends in Guam’s 
small-boat fisheries and current knowl- 
edge of their biology, management, and 
economics are summarized. Annual esti- 
mates of participation, effort, and harvest 
are given for the pelagic and bottomfish 
fisheries for 1980-91 and for the 
spearfishing and atulai fisheries for 1985. 
The pelagic fishery is the largest, with 
annual landings ranging from 168 to 364 
metric tons (t), followed by the bottomfish 
fishery (14-43 t), spearfishing fishery (5- 
17 t), and bigeye scad fishery (3-20 t). All 
of the pelagic species are highly migra- 
tory and require regional management. 
They are heavily exploited by Guam-based 
domestic purse-seine and foreign longline 
fisheries, but region-wide catch and effort 
as well as the status of the stocks are 
largely unknown. Bottomfish and reef-fish 
stocks are shared to an unknown extent 
with those of the northern Marianas and 
are locally manageable. Certain vulner- 
able species of bottomfishes and reef fishes 
are overfished. Bottomfish and speared fish 
landings are dominated by small species 
with high turnover rates. 
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echinoderms (Amesbury et al., 1986). 

Echinoderms are generally harvested 
by reef gleaners and rarely with the aid 
of boats. Other invertebrates are har- 
vested by hand or spear and with or 
without the use of boats. Reef fishes 
include all finfishes associated with 
coral reefs and adjacent sand flats and 
seagrass beds, as well as a small num- 
ber of primarily estuarine species and 
are taken primarily by nets, spear, and 
hook and line with or without the use 
of boats. 

Bottomfishes include reef fishes that 
occur beyond the seaward margin of 
the reef as well as deep-dwelling 
coastal fishes occuring to depths of 
approximately about 300 m that are 
taken by hook and line from boats. 
Pelagic fishes include migratory open- 
ocean species as well as a few coastal 
pelagic and reef species taken by lines 
trolled from a moving boat, longline, 
or ikashibi. The latter two methods 
have been rarely employed and are not 
currently in use. Nearly all pelagic land- 
ings consist of the following five spe- 
cies: Mahimahi, Coryphaena hippurus; 
wahoo, Acanthocybium solandri; skip- 
jack tuna, Katsuwonus pelamis; yel- 
lowfin tuna, Thunnus albacares; and 
blue marlin, Makaira mazara. The big- 
eye scad, Selar crumenophthalmus, \o- 
cally known as atulai, is a coastal 
pelagic species that undergoes seasonal 
migrations and is taken by a variety of 
methods from shore as well as from 
boats. Boats are used in coordination 
with a large number of shore-based 
snorkelers or scuba divers to set large 
nets around shallow inshore aggrega- 
tions. The only offshore boat-based 
method used for this species is jigging 
at night with the aid of lights. 

The original Chamoru inhabitants 
were expert fishermen and seafarers. 


Accounts by the early Spanish visitors 
indicate that they fished on the high 
seas for such formidable species as 
marlin and used numerous methods to 
catch reef and bottomfish from boats 
as well as from the shoreline (Ames- 
bury et al., 1986). Throughout the 
Spanish period, the Chamorus were 
persecuted and an attempt was made 
to confine them to the island of Guam. 
Most of the male population was killed, 
and subsequent generations were of 
mixed blood. By the 1860s, there were 
only 24 outrigger canoes on Guam, all 
of which were used only for fishing 
inside the reef. 

By the begining of the American 
period in 1898, the indigenous inhabit- 
ants had lost many of their seafaring 
and fishing skills as well as the native 
names of many of the offshore species. 
Small outboard and inboard powered 
boats did not become commonplace 
until after World War II. Fishing re- 
mained the primary motivation for 
boating, and the methods in use today 
were well established by the mid- 
1960’s. Unlike many U.S. areas, the 
concept of fishing for sport is rela- 
tively new, and the use of “recreational- 
type” boating and fishing equipment 
and techniques for subsistence and 
commercial purposes is well estab- 
lished. 

Trolling is the most popular and im- 
portant fishing method and was em- 
ployed on 85% of the boat trips during 
fiscal year 1991. Bottomfishing with 
hook and line using poles, handlines, 
or electric reels from either an anchored 
or a drifting boat was the second most 
important method. Spearfishing and 
jigging under a nightlight for bigeye 
scad followed in importance. Other 
rarely used methods include spin- 
casting, longline, and ikashibi. 





Procedures 


As presently designed, the offshore 
fisheries survey is a combined fixed- 
point and roving survey. For the fixed- 
point portion, personnel from Guam’s 
Division of Aquatic and Wildlife Re- 
sources (DAWR) are stationed at one 
or more major boat landings during a 
given time-frame for a given number 
of days each month. All returning fish- 
ing parties are interviewed and, when 
possible, their catch is examined and 
samples measured or weighed. A log 
of all departing and returning fishing 
parties is also kept. The roving survey 
consists of a twice-a-day circuit in 
which ali empty trailers attached to 
vehicles and the time of day are noted 
at each location. Information derived 
from the site log and the roving survey 
are used to calculate proportionality 
values based on the proportion of is- 
land-wide fishing activity occurring at 
the sampled site and the proportion of 
24-hour fishing activity actually 
sampled at the sampled site. The pro- 
portionality values used to expand for 
site totals are method-specific, but those 
used to expand for island-wide totals are 
not, since the roving survey does not 
have the capability of obtaining infor- 
mation on methods. A set of standard- 
ized mathematical formulas is used by 
the Guam Offshore Expansion System 
(GOES), and its algorithms are used to 
expand sample-day totals into estimates 
of monthly, quarterly, and annual to- 
tals and their standard errors (SE) and 
confidence limits (CL). The GOES was 
prepared by CIC Research, Inc.', San 
Diego, Calif.) for the National Marine 
Fisheries Service (NMFS) and is avail- 
able from the NMFS Honolulu Labo- 
ratory as Administrative Report 
H-83-—21C. The inherent flexibility of 
GOES allows changes in sample peri- 
ods, sites, and methods of determining 
proportionality constants in response 
to manpower or budgetary constraints 
as well as changes in the fisheries. The 
accuracy of the expansions is limited 
by the accuracy of the assumption that 
the sampled time-frames and sites are 


'Mention of trade names or commercial firms 
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representative of the entire 24-hour pe- 
riod for the island as a whole. The 
precision of the expanded estimates is 
dependent on the sample size. 

Prior to the implementation of the 
GOES, less reliable methods were used 
to estimate fishing activity from 
nonsampled sites. The original expan- 
sions assumed that activity from the 
sampled launch site, the Agana Boat 
Basin, was 50% of the island wide to- 
tal. This was based on limited counts 
of boats using other launch sites dur- 
ing 1977-78. The expansions for 1977— 
82 were subsequently revised by using 
a set of proportionality figures based 
on observations made after implemen- 
tation of the GOES. Surveys were ini- 
tially limited to the hours of 0600 to 
2100 or some portion within that time 
period. Fishing methods that occured 
at night were frequently undersampled. 
Therefore, in 1985 the survey period 
was divided into two shifts with the 
late shift extending as late as 2400 
hours, and in 1986 it was further ex- 
tended with the morning shift as early 
as 0500 hours. With implementation 
of a boating activity log, it became 
easier to track boats that could not be 
intercepted, allowing greater flexibil- 
ity in the survey shift hours without 
compromising the comparability of re- 
sults between years. Specific changes 
in methods, hours, or sites are detailed 
in annual reports produced by the 
DAWR. 

The annual estimates of participa- 
tion, effort, catch, and economics pre- 
sented here were compiled from a 
combination of sources. The DAWR 
and NMFS each generate GOES out- 
put from the same data base on differ- 
ent, incompatible computer systems 
and have different reporting require- 
ments. DAWR expands by gear and 
fiscal year (FY). NMFS expands by 
calendar year and by fishery, based on 
the species caught being categorized 
as either pelagic or bottomfish, and 
includes all methods for each of these 
respective species groups. Personnel, 
time, and hardware constraints made it 
impossible to generate standardized 
output for all parameters and methods. 
Annual estimates based on the sum of 
monthly expansions differ slightly from 


those based on a single period expan- 
sion. Annual CL and SE are known 
only for period expansions and are not 
presented herein. Whenever possible, 
information is presented in metric units 
by calendar year and method based on 
a period expansion. For some years 
and methods annual estimates are based 
on the sum of monthly expansions. All 
economic information is from annual 
summaries of commercial receipts 
compiled by NMFS. All annual esti- 
mates for trolling and bottomfishing 
are based on 362-day expansions (363 
days in leap years) with landings from 
the annual 3-day Guam International 
Fishing Derby (GIFD) added in. Fish- 
ing by nonderby participants during 
the 3-day event is considered negli- 
gible. Annual estimates for spearfishing 
and night-lighting for atulai exclude 
the GIFD and are based on full monthly 
or annual expansions. 

Summary data for the pelagic fish- 
ery are based entirely on NMFS out- 
put. In 1982 and 1985, only 1.7% and 
0.2% of pelagic landings were by 
longline or ikashibi. An even smaller 
portion of the annual landings consists 
of sharks caught by other methods. 
Therefore, the pelagic fishery is con- 
sidered synonymous with trolling since 
98% or more of all annual landings are 
taken by this method. 

Summaries of participation, effort, 
and catch data for the bottomfish fish- 
ery are based on DAWR expansions 
only and include all species caught by 
that method. Species composition is 
based on FY80-91 expansions. Eco- 
nomic summaries are based on NMFS 
data which exclude sharks and a small 
number of nonbottomfish species, but 
include bottomfish species caught by 
other methods. These differences are 
not considered large enough to affect 
the conclusions. Species composition 
for all other methods are based on fis- 
cal year period expansions from Octo- 
ber 1985 through September 1991. 


The Fisheries 
Pelagic Fishery 


Guam’s pelagic fishing fleet con- 
sists primarily of small recreational 
trolling boats that are either towed to 
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launch sites or berthed in marinas. Pres- 
ently most of vessels are <10 m long 
and are typically owner-operated by 
persons who earn a living outside of 
fishing. However, almost everyone 
sells a portion of their catch at one 
time or another, and it is impossible to 
make a distinction between recre- 
ational, subsistence, or commercial 
fishermen. A small but rapidly grow- 
ing segment of the fleet are marina- 
berthed charter vessels that tend to be 
larger than the owner-operated vessels, 
ranging in length from 8 to >15 m. A 
small number of similar boats are op- 
erator or corporation-owned and are 
used for a variety of other recreational 
purposes as well as fishing. 


The Catch 


Estimated overall pelagic landings 
have varied widely from year to year, 
ranging from a low of 168 metric tons 
(t) in 1987 to 364 t in 1991 (Fig. 1). A 
long-term trend is not detectable, but 
there does seem to be a slight general 
increase since 1987. Annual catches 
consist nearly entirely of five major 
species: Mahimahi, wahoo, skipjack 
tuna, yellowfin tuna, and Pacific blue 
marlin. Minor components include 
rainbow runner, Elagatis bipinnulatus; 
great barracuda, Sphyraena barracuda; 
kawakawa, Euthynnus affinis; dogtooth 
tuna, Gymnosarda unicolor, sailfish, 
Istiophorus platypterus; and shortbill 
spearfish, Tetrapturus angustirostris. 


Approximately a dozen additional spe- 
cies are landed incidentally each year. 

Mahimahi landings exceeded those 
of all other species during 7 of the last 
12 years, making it the single most 
important species of the pelagic fish- 
ery (Fig. !). Annual landings ranged 
from 13 to 182 t, with no detectable 
trend or cycle. Mahimahi are seasonal, 
occurring during the winter and spring 
with a peak in March, although a few 
may be found throughout the year. 
More than any other species, the success 
of the mahimahi run determines whether 
it is a good or bad fishing year. No at- 
tempt has been made to compare catches 
from different western Pacific locations 
in a systematic manner. It remains un- 
known whether a good Guam run is 
the result of a healthy western Pacific 
year class or is due to vagaries of 
oceanographic conditions that concen- 
trate the run near Guam. 

Annual landings of wahoo ranged 
from 15 to 72 t. There is considerable 
variability from one year to the next 
with no apparent trends, and in only 
one year, 1985, did wahoo landings 
exceed those of all other species. Wa- 
hoo are caught throughout the year, 
but November is typically the best 
month. At that time, small wahoo of 
2-4 kg are common. Most wahoo are 
immature, but mature fish in the 14-22 
kg range are occasionally caught 
throughout the year. Wahoo are often 
caught relatively close to shore, and 
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Figure 1.—Estimated annual landings of all pelagic fishes, 
mahimahi, wahoo, blue marlin, skipjack tuna, and yellowfin tuna 
by the Guam small-boat pelagic fishery during 1980-91. 
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catches may increase during periods of 
high effort for mahimahi which may 
be in closer to shore during times of 
great abundance. 

Skipjack tuna is the second most 
important species with annual landings 
exceeding those of all others during 4 
of the last 12 years. Landings are highly 
variable, ranging from 27 to 113 t (Fig. 
1). Skipjack tuna occur in surface feed- 
ing schools throughout the year and 
are often the most easily caught fish, 
particularly when other species are 
scarce. However, the relatively low 
marketability of skipjack tuna makes 
them less desirable, so many boats do 
not target them and catches are prob- 
ably poor indicators of relative abun- 
dance. The skipjack tuna caught by 
trolling near Guam are typically in the 
2-6 kg range, but occasional fish weigh 
up to 9 kg. Skipjack tuna are heavily 
exploited by a large fleet of domestic 
purse seiners operating out of Guam. 
The effects of this exploitation on the 
stocks and the state of the stocks are 
unknown. 

Annual yellowfin tuna landings were 
consistently lower than those of skip- 
jack tuna, ranging from 16 to 62 t. 
Yellowfin tuna are highly valued, and 
relatively low catches are a reflection 
of low availability to surface trollers. 
Yellowfin tuna reach a large size (>160 
kg), but most caught by local trollers 
are in the 2-20 kg range. Occasionally 
larger fish up to 70 kg are caught. Yel- 
lowfin tuna form the basis of the Guam- 
based foreign longline fishery and are 
of great importance to the domestic 
purse seine fishery. The effects of these 
fisheries on the availability of fish to 
the troll fishery as well as on the stocks 
themselves are unknown. Even if the 
yellowfin tuna stock is not overfished, 
interception of Guam-bound fish by 
the more efficient longliners and purse 
seiners could reduce their availability 
to the local trollers. 

Annual blue marlin landings have 
increased significantly over the last 12 
years, ranging from 15 t in 1980 to 62 t 
in 1990 (Fig. 1; r° = 0.831, P<0.001). 
In 1990, blue marlin landings exceeded 
those of all other species. The most 
rapid growth in landings occurred from 
1988 to 1990. This is attributable to 
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rapid growth of the charter fleet which 
tends to target blue marlin more often 
than the noncharter segment of the 
fleet. Blue marlin are seasonal; the best 
catches occur during the warmest 
months from June to September. Most 
of the troll-caught fish are small, <70 
kg, and are males. Occasional blue 
marlin are caught throughout the year, 
including large females of 140-400 kg. 


Participation and Effort 


. The exact number of boats or people 
participating in the troll fishery are un- 
known. The GOES enumerates boat- 
trips and person-trips. Therefore, a 
“threshold” C/E model is used by 
NMFS to estimate the annual number 
of boats participating in the fishery. 
The estimated number of boats in- 
creased more than twofold, from 115 
to 282 between 1980 and 1989. The 
number has dropped somewhat since 
then, but more recent figures are con- 
sidered low since the survey does not 
include boats that fish exclusively from 
unsampled sites which include a new 
marina that opened in early 1991. The 
increase in the number of boats over 
the 12-year period is significant (r? = 
0.637, P<0.01) 

The estimated annual number of boat 
trips ranged from 6,287 in 1981 to 
12,523 in 1991; most of the increase 
ocurred after 1987 (Fig. 2). The num- 
ber of boat hours spent trolling also 
increased significantly during the past 
12 years (r* = 0.555, P<0.01), reaching 
a peak of nearly 59,000 in 1988. How- 
ever, the number of hours per trip has 
decreased in recent years because of 
the increasing proportion of charter 
trips (r? = 0.775, P<0.001). Charter 
vessels typically carry more people but 
engage in shorter fishing trips than 
noncharter vessels. 


Catch Rates 


Catch rates as catch per unit of ef- 
fort (CPUE) are calculated by dividing 
the total annual landings of each spe- 
cies by the total number of boat-hours 
spent fishing (gear in use). Since it is 
impossible to allocate species-specific 
effort, catch rates for a given species 
calculated in this manner may be in- 
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Figure 2.—Estimated annual number of boat trips, boat hours spent trolling, and 
hours spent trolling per boat trip around Guam during 1980-91. 


fluenced by effort targeted towards 
other species. Catch rates for mahimahi 
and wahoo fluctuated widely over the 
past 12 years with no apparent trend 
(Fig. 3). Catch rates for skipjack tuna 
show a general decline with the excep- 
tion of a sharp peak in 1984, and catch 
rates for yellowfin tuna declined sig- 
nificantly during the past 12 years (r? 
= 0.408, P<0.05). Catch rates for blue 
marlin increased significantly over the 
past 12 years (r? = 0.722, P<0.001). 
This is probably a result of the chang- 
ing composition of the fleet toward 
more boats that are larger and better 
equipped to target and catch blue mar- 
lin. Recent low catch rates for skipjack 
tuna are likely due to economic rea- 
sons since that species is relatively un- 


marketable and many boats do not tar- 
get it. The decline in catch rates for 
yellowfin tuna cannot be attributed to 
economic reasons since that species is 
highly valued and often targeted. When 
other factors are considered such as 
declining average and winning sizes at 
an annual fishing derby, it seems plau- 
sible that the reasons for the decline 
are related to the species’ availability. 
Lower availability of yellowfin tuna, 
particulary the larger size classes, 
could be a result of either changes in 
the stock or of interception by compet- 
ing fisheries. 


Economics 


Guam’s small-boat trolling fishery 
consists of recreational, subsistence, 
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Figure 3.—Catch rates as kg per boat hour spent fishing for all 
pelagic fishes, mahimahi, wahoo, blue marlin, skipjack tuna, and 
yellowfin tuna by the Guam small-boat pelagic fishery during 


1980-91. 
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and commercial fishermen, many of 
whom also engage in other methods of 
fishing. Most charter boat captains and 
crew are not employed elsewhere, but 
most other fishermen hold nonfishing 
jobs. Charter boat captains and crew 
generally supplement their pay with 
tips and proceeds from the sale of the 
day’s catch. Many noncharter fisher- 
men occasionally sell part of their 
catch, while a minority regularly sell 
all or most of their catch. 

Over the past 12 years, an estimated 
42% of the pelagic fish harvest was 
sold, generating inflation-adjusted an- 
nual revenues ranging from $340,532 
to $635,006 (Fig. 4). The economics 
of Guam’s trolling fishery is complex 
and has undergone numerous changes 
during the past 12 years. Inflation-ad- 
justed revenue per trip has declined by 
54% since 1983 (Fig. 5; r? = 0.868, 
P<0.001). This is due to a number of 
factors including loss of markets, when 
there is inadequate availability, inabil- 
ity to efficiently process and freeze or 
export fish when there is a glut, and 
competition from other sources that ei- 
ther import inexpensive frozen fish or 
dump inexpensive rejected longline- 
caught fish on the local market. The 
Fisherman’s Cooperative has never had 
widespread support among fishermen, 
and even members often do not sup- 
port it by selling their fish elsewhere if 
offered a higher price. Continued dis- 
unity among the troll fishermen hin- 
ders them from gaining much political 
or public support. The charter segment 
of the fishery remains healthy since 
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Figure 5.—Inflation adjusted revenue per trolling trip during 1980-91. 


only a small portion of revenues are 
derived from the sale of catches. 


Bottomfish Fishery 


Bottomfishing is defined here as 
fishing from an anchored or drifting 
boat with hook and line without the aid 
of floodlights. Guam’s bottomfish fish- 
ery is a small-scale commercial, sub- 
sistence, and recreational fishery that 
operates primarily from boats <25 feet 
in length. Nearly all fishing is done by 
Guam residents from owner-operated 
vessels, but occasionally tourists and 
residents fish from relatively large 
charter boats. Historically, the fishery 
has experienced considerable fluctua- 
tions in annual harvest primarily be- 
cause of the high turnover rates of a 
few full-time highliners. 

The fishery may be divided into two 
components based on depth and spe- 
cies. The shallow-water component 
(<150 m) is the larger of the two and 
usually targets the red-gilled emperor, 
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Figure 4.—Inflation adjusted annual revenues for troll-caught pe- 


lagic fishes during 1980-91. 
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Lethrinus rubrioperculatus, as well as 
an assemblage of other emperors, snap- 
pers, and groupers. The deep-water 
component (150-250 m) targets the 
snapper, Pristipomoides spp., complex. 
A few species (most notably jobfish, 
Aprion virescens, and black jack, 
Caranx lugubris), equally abundant in 
both the shallow and deep zones, are 
grouped in the shallow fishery and ex- 
cluded from the deep fishery for pur- 
poses of this paper. The larger size of 
the shallow-water component is the re- 
sult of greater participation because of 
the lower expenditure and relative ease 
of fishing closer to shore. Small 
spincasting reels are often used for the 
shallowest bottomfishing, and electric 
reels, which may have multiple hooks 
per line, are used for deeper bottom- 
fishing. Handlines are rarely used. 
Nearly all participants in the bottomfish 
fishery also troll for pelagic species, 
and most participate in both methods 
on the same trip. All the shallow bot— 
tomfish species are coral reef fishes, 
and they are subject to harvest by both 
offshore and inshore reef fishery meth- 
ods. However, only small quantities of 
the most important bottomfishery spe- 
cies are harvested by these methods, 
and the most important reef fishery 
species form a negligible component 
of the bottomfish fishery. 


The Catch 


Since 1980 the annual estimated 
bottomfish catch has fluctuated be- 
tween 14 and 43 t (Fig. 6). The fluc- 
tuations are due primarily to changes 
in the fishery rather than to changes in 
the stocks. However, decreasing catches 
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of some of the larger deepwater species 
are probably stock related. Catches for 
the past year may be slightly underesti- 
mated because of the opening of the Agat 
Marina which is not yet surveyed. It is 
believed that a larger proportion of the 
participation for bottomfish fishing oc- 
curs there than at the primary sampling 
location, the Agana Boat Basin. 

Snappers and emperors are the most 
important bottomfish families, repre- 
sent an estimated 38.5% and 29.5% of 
the weight of the harvest from FY 1980- 
91 (Table 1), respectively. Only three 
other families represented more than 
2% of the catch: Groupers (10.0%), 
jacks (9.4%), and requiem sharks 
(5.4%). Squirrelfishes, goatfishes, 
wrasses, dogtooth tuna, and trigger- 
fishes each represented between | and 
2% of the catch. At least 35 other fami- 
lies collectively represented the remain- 
ing 2.6% of the catch. Although sharks 
collectively represented 5.6% of the 
catch, they are not targeted and are 
often killed and discarded at sea. The 
landed catch is an unreliable indicator 
of stock size. An estimated 67.7% of 
the 1980-91 harvest consisted of shal- 
low-water species, and 32.3% consisted 
of deep-water species. 

The red-gilled emperor is the most 
important bottomfish species and rep- 
resented 24.2% of the FY 1980-91 es- 
timated harvest, 82.1% of the emperor 
harvest, and 35.8% of the shallow-wa- 
ter harvest. Other important shallow- 
water species with percentage of total 
bottomfish catch indicated, were the 
jobfish (5.6%); the groupers (Epine- 
phelus fasciatus, 3.4%; Variola louti, 
2.8%; and Cephalopholis sonerati, 
1.2%); the jacks (Caranx lugubris, 
3.2%; Carangoides orthogrammus, 
1.3%; Caranx melampygus, 1.2%; and 
C. ignobilis, 1.2%); and the snappers 
(Lutjanus bohar, 1.5%; and L. kasmira, 
1.5%). The mean sizes of 5 shallow 
species (Lethrinus rubrioperculatus, 
Cephalopholis urodeta, Epinephelus 
fasciatus, Variola louti, and Aprion 
virescens) have remained essentially 
unchanged since 1980 (Davis2). The 


2Davis, G.W. 1992. Territory of Guam 1991 
bottomfish fisheries performance. Jn Bottomfish 
and seamount groundfish fisheries of the western 
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Figure 6.—Estimated annual bottomfish landings during 


1980-91. 


Table 1.—Speci iti 





of Guam bottomfish landings during FY 1980-91. 





Total landings 


Percent of 





Total 
(kg) landings 


Shallow 
portion 


Deep 
portion 





Sharks 
Holocentridae (Squirrelfishes) 
Serranidae (Groupers) 
Cephalopholis sonerati (Tomato grouper) 
Epinephelus fasciatus (Biack-tipped grouper) 
E. octofasciatus (Eightbar grouper) 
Variola spp. (Lyretail groupers)' 
Carangidae (Trevallys) 
Caranx ignobilis (Giant trevally) 
C. lugubris (Black trevally) 
C. melampygus (Bluefin trevally) 
goides orthog (Yellow-spotted trevally) 
Seriola dumerili (Amberjack) 
Lutjanidae (Snappers) 
Shallow snappers 
Aprion virescens (Jobfish) 
Lutjanus bohar (Red snapper) 
L. kasmira (Bluelined snapper) 
Deep snappers 
Aphareus rutilans (Lehi) 
Etelis carbunculus (Ehu) 
E. coruscans (Onaga) 
Pristipomoides auricilla (Yellowtail kalekale) 
P. filamentosus (Pink opakapaka) 
P. flavipinnis (Yelloweye opakapaka) 
P. zonatus (Gindae) 
Lethrinidae (Emperors) 
Lethrinus rubrioperculatus (Redgill emperor) 
Mullidae (Goatfishes) 
Sphyraenidae (Barracudas) 
Labridae (Wrasses) 
Acanthuridae (Unicornfishes) 
Scombridae (Tunas) 
Balistidae (Triggerfishes) 





Total nonsnapper deep species 
Total deep species 

Total shallow species 

Total all bottomfish species 


14,996.5 5.4 8.0 
4,259.4 1.5 2.3 
27,513.3 10.0 10.6 
3,384.5 ‘ 1.8 
9,239.4 \ 5.0 
7,696.7 . 
7,567.9 : 41 
25,824.7 12.2 
3,435.5 F 1.8 
8,721.4 
3,316.2 
3,685.7 
3,067.7 
105,844.2 
26,630.1 
15,294.1 
4,174.5 
4,099.2 
77,716.9 
10,824.7 
10,843.1 
10,511.8 
17,065.5 
6,153.9 
10,043.7 
9,712.1 
81,234.6 
66,722.0 
3,880.3 
909.3 
2,981.5 
1,866.9 
3,208.7 
3,433.5 


11,086.0 
88,785.3 
186,401.9 
275,187.2 





' Primarily V. /outi but also includes a small proportion of V. albimarginata. 


2 Excludes incidental taxa not tabulated. 


red-gilled emperor, above-listed grou- 
pers, and most others in the fishery are 
small species with high turnover rates. 
This is indicative of a mature fishery in 
which the larger species are overfished. 


Pacific region. 1991 Annu. Rep. West. Pac. 
Reg. Fish. Manage. Counc., Honolulu, Hawaii. 


Among the deepwater species, 
87.5% consisted of snappers of the 
Pristipomoides complex. The most 
important species with percentage of 
total bottomfish catch indicated, were 
yellowtail kalikali, Pristipomoides 
auricilla, 6.2%; ehu, Etelis carb- 
unculus, 3.9%; lehi, Aphareus rutilans, 
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3.9%; onaga, E. coruscans, 3.8%; 
yelloweye opakapaka, P. flavipinnis, 
3.6%; gindai, P. zonatus, 3.5%; and 
opakapaka, P. filamentosus, 2.2%. The 
most important nonsnapper deepwater 
species were the large eightbar grou- 
per, Epinephelus octofasciatus, 2.8%, 
and the amberjack, Seriola dumerili, 
1.1%. Grouper was rarely caught and 
did not even appear in the sampled 
catch during most years. Also, catches 
of onaga, another large and the most 
highly prized of the deepwater snap- 
pers, decreased considerably during the 
past 6 years. Sample sizes for both of 
these species were inadequate for year- 
to-year comparisons, and in some years 
they were not even encountered in the 
survey. However, the mean sizes of 
five important species (Pristipomoides 
auricilla, P. flavipinnis, P. zonatus, 
Etelis carbunculus, and Aphareus 
rutilans) have remained essentially un- 
changed since 1980 (Davis?). 


Participation and Effort 


The estimated number of vessels in 
the bottomfish fishery has increased 
significantly over the past 12 years 
from 24 to 173 boats in 1991 (1? = 
0.702, P<0.001). The current number 
could be higher since the Agat Marina, 
which opened in early 1991, is not 
sampled. However, long-term trends 
in overall effort as boat trips and boat 
hours are not apparent (Fig. 7). This 
apparent contradiction is due to the 
effects of a few commercial highliners 
that dropped out of the fishery in 1986. 
There has been a short-term trend to- 
ward increasing effort since then, and 
this is expected to continue. 


Catch Rates 


The annual catch rate for the 
bottomfish fishery has decreased sig- 
nificantly over the past 12 years (Fig. 
8; r? = 0.718, P<0.001). This may be a 
result of a few commercial highliners 
dropping out of the fishery after 1985. 
With the exception of 1983, catch rates 
were significantly higher (3.4—3.6 kg/ 
boat-hour) for 1980-85 than all years 
since then (2.3-2.8 kg/boat-hour). 
However, the catch rate has remained 
steady since 1986, indicating that the 
fishery is stable. 
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Figure 7.—Estimated annual number of boat trips and boat 
hours for the bottomfish fishery during 1980-91. 
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Figure 8.—Catch rates (kg/boat-hour) for the bottomfish 


fishery during 1980-91 


Economics 


Nearly all of Guam’s bottomfish 
fishermen hold jobs outside the fish- 
ery, and only a small minority sell their 
catch. However, high turnover rates 
among a few full-time highliners have 
greatly influenced annual catch and ef- 
fort estimates, particularly prior to 
1986. Over the past 12 years, an esti- 
mated 31% of the bottomfish catch en- 
tered the commercial market with 
annual inflation-adjusted revenues 
ranging from $22,994 to $114,176 
(Davis*; Fig. 9). After a 1983 peak, 
revenue per trip declined sharply and 
has remained between $103 and $159. 
Inflation-adjusted average price of 
bottomfish has remained between $5.64 
and $7.67 /kg during the past 12 years. 
The trend has been a slow and steady 
decline offset by a sharp rise between 
1988 and 1989. Although the supply 
for fresh local bottomfish has never 


met the demand, competition from in- 
expensive imports from the neighbor- 
ing islands has kept the price depressed 
and is expected to continue to do so. 


Reef-fish Fishery 


Guam’s reef-fish fishery is com- 
posed of several fisheries based on 
method and logistics. The bulk of the 
fishery is shore-based (Hensley and 
Sherwood, 1993) and not considered 
here. The boat-based portion consists 
primarily of spearfishing and, to a mi- 
nor extent, of other methods also used 
in the shore-based fishery. The minor 
methods include the use of various nets, 
spin-casting, and gleaning. Since these 
methods are infrequently encountered, 
not expanded separately, and collec- 
tively represent less than 1% of the 
annual estimated boat-based harvest, 
they are not considered here. 

Nearly all spearfishing activity with 
boats occurs from owner-operated 
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Figure 9.—Inflation adjusted annual revenues for the 
bottomfish fishery during 1980-91. 


rather than chartered boats. The fish- 
ery is highly seasonal and the highest 
mean monthly participation, effort, and 
landings occur in June, the lowest in 
March. This seasonality is due to 
weather and sea conditions which ren- 
der northwestern clockwise through 
southeastern exposures inaccessible 
because of high seas and surf. The fish- 
ery consists of two components based 
on whether or not scuba equipment is 
used. The range of species targeted is 
quite broad and includes nearly all coral 
reef-dwelling finfishes 212 cm, crus- 
taceans, and mollusks, the latter picked 
up by hand incidentally. There is con- 
siderable overlap among species tar- 
geted by the shore-based spearfishing 
fishery and shallow bottomfish fish- 
ery. Estimates of participation, effort, 
and catch are crude since it is difficult 
to get statistically useful sample sizes. 
Spearfishing is an infrequently encoun- 
tered method that often occurs outside 
the surveyed time-frame, and tends to 
occur more frequently from under- or 
unsampled launch sites. Considerable 
spearfishing activity occurs at night and 
parties return between 2100 and 2400 
hours. Since this component of the fish- 
ery was not monitored until FY 1985, 
only information beginning with that 
year is considered here. Estimates of 
catch and effort are given for calendar 
years, but species composition is avail- 
able only for fiscal years. 


The Catch 


Annual catch estimates since 1985 
have varied widely from 5 to 17 t with 
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a trend toward increased landings (Fig. 
10). Prior to 1989 the bulk of the catch 
was caught by snorkelers, but for the 
past 3 years 50% or more of the land- 
ings have been caught by scuba divers. 
A broad range of species is targeted 
including nearly all coral reef dwell- 
ing finfishes 212 cm as well as inci- 
dental crustaceans and mollusks. Over 
100 species have been observed in a 
given survey year, and probably an- 
other 50 species are landed but not 
encountered by the survey. 

Since FY 1985, 36% of the catch has 
consisted of parrotfishes (Scaridae), 
followed by surgeonfishes (Acan- 
thuridae, 19%), and wrasses (Labridae, 
7%) (Table 2). Other important finfish 
families include the groupers (6%), 
rudderfishes (5%), snappers (3%), jacks 
(3%), and squirrelfishes (2%). The 


most important invertebrates are spiny 
lobsters (4%), primarily Panulirus 
penicillatus which are speared, and 
topshell (2%) which are picked up by 
hand. Higher proportions of wrasses, 
groupers, rabbitfishes, parrotfishes, 
goatfishes, sweetlips, and spiny lob- 
sters are caught by scuba divers than 
by snorkelers (Table 2). Greater dif- 
ferences occur at the species level since 
many species typically inhabit depths 
beyond the reach of most snorkelers. 
There are also distinct differences be- 
tween day and night catches, but sepa- 
rate day and night expansions have not 
been run. 


Participation and Effort 


The estimated annual number of boat 
trips and person trips has fluctuated 
widely since 1985, ranging from 279 
to 1,057 and from 748 to 3,330, re- 
spectively. The estimated annual num- 
ber of boat hours and person hours has 
also fluctuated widely, ranging from 
894 to 2,151 and from 2,293 to 7,119, 
respectively (Fig. 11). 


Catch Rates 


Overall catch rates as kg/boat-hour 
and kg/person-hour have ranged from 
5.2 to 9.4 and from 1.5 to 3.1 since 
1985, respectively (Fig. 12). The catch 
rate for the scuba segment has risen 
sharply over the last 2 years. This is 
not believed to be indicative of a 
healthy fishery for nonbiological rea- 
sons that are not apparent from the 
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Figure 10.—Estimated annual spearfishing landings uti- 
lizing small boats during 1985-91. Spsc = landings exclu- 
sively by scuba diving; Spsn = landings exclusively by 
snorkeling; Spmx = landings by a combination of scuba 


diving and snorkeling. 
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Table 2.—Speci position of Guam landings taken by divers during FY 1985-91. All fishes were taken 
by spear, and invertebrates were taken by hand as well as spear. Taxa comprising less than 1% of total 
landings are not shown. 


Jigging for bigeye scad by nightlight 
is done during moonless periods. Prior 
to 1985, too few returning fishermen 
were intercepted by the survey, so only 
the period 1985 through 1991 is pre- 
sented here. The fishery is highly sea- 
sonal; the greatest effort and catches 
occured during July and August and 
there is almost no activity or catches 
from December through April. 


The Catch 


Estimated annual landings since 
1985 have ranged from 3.4—20.2 t with 
no apparent trend. Good and poor years 
coincide well with estimated annual 





Snorkel only Scuba only Unknown or both All methods 





Taxon kg % kg % kg % kg % 





Fishes 
Carcharhinidae 
(Requiem sharks) 
Holocentridae 
(Squirrelfishes) 
Serranidae (Groupers) 
Carangidae (Jacks) 
Lutjanidae (Snappers) 
Haemulidae (Sweetlips) 
Lethrinidae (Emperors) 643.3 
Mullidae (Goatfishes) 408.3 
Kyphosidae (Rudderfishes) 3,241.1 
Mugilidae (Mullets) 
Labridae (Wrasses) 
Scaridae (Parrotfishes) 
Acanthuridae 
(Surgeonfishes) 
Other fishes 


502.3 189.2 ‘ 0.0 691.5 
744.2 
390.1 
545.0 
910.8 
314.1 


585.7 
2,714.0 
210.8 
978.9 
909.2 
435.8 
518.7 56.5 

‘ 311.3 J 48.9 
755.7 ; 0.0 A 0.0 
1,524.1 3,175.6 477.1 
12,238.9 13,152.9 394.5 


89.5 
78.2 
25.5 
58.6 
18.5 
58.1 


1,419.4 
4,182.3 
1,781.3 
1,948.3 
141.8 
1,137.2 
983.5 
3,601.2 
755.7 
5,176.8 
25,786.3 


7,215.8 
868.4 


5,987.2 
923.4 


341.3 
79.1 


13,544.3 
1,870.7 





32,301.9 


Total 


Invertebrates 
Trochus niloticus (Topshell) 
Tridacna maxima 

(Giant clam) 
Octopus spp. (Octopus) 
Panulirus spp. 

(Spiny lobsters) 
Other invertebrates 


807.7 


441.9 


1,214.0 3.3 
326.4 0.9 
Total invertebrates 


3,984.1 11.0 


Method totals 36,286.0 


Percent of total catch 


100.0 
50.9 


197.9 


1,194.1 3 6.7 
208.6 


1,635.5 
194.6 


2,243.3 


32,366.0 


1,725.8 64,120.1 


0.6 604.7 1,610.3 


0.0 0.0 
0.6 104.8 


1,200.8 
755.3 


5.1 130.8 
0.6 92.9 


2,980.3 
613.9 


6.9 933.2 7,160.6 





100.0 
45.4 


2,659.0 71,280.4 





summary statistics. These include 
greater success at intercepting scuba 
diving spearfishing parties, particularly 
those returning late at night, and a shift 
in effort to deeper water (30-42 m) by 
parties that consider shallow areas 
“fished out.” 


Economics 


Spearfishermen often sell their catch, 
but no economic information is avail- 
able. Catch disposition is recorded but 
has never been analyzed. Competition 
from inexpensive imports probably in- 
hibits growth, which slows the poten- 
tial for overfishing. 


Bigeye Scad Fishery 


The bigeye scad, locally called 
atulai, is a small coastal pelagic spe- 
cies that is cosmopolitan in the tropics, 
but probably forms a distinct stock in 
the Marianas. It periodically occurs in 
large schools in coastal bays and chan- 
nels as well as from near the surface to 
depths of >200 m near shore. It typi- 
cally aggregates inshore during the day 
and migrates offshore at night. When 
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inshore, bigeye scad are taken by a 
variety of shore-based methods includ- 
ing teams of people using large barrier 
nets with the aid of boats and divers. 
When offshore, they are attracted to 
lights hung from small boats and 
jigged. Shore-based methods typically 
account for 70% or more of the annual 
landings (Hensley and Sherwood, 
1993). 


aa ; landings by shore-based methods 
30,092.7 


(Hensley and Sherwood, 1993), indi- 
cating that these results are real rather 
than the result of inadequate sample 
size. The largest estimated combined 
annual catch for Guam for all methods 
was 76.5 t in 1989. An upper bound of 
200 to 440 t for an annual range of 
harvest for the entire Mariana Archi- 
pelago has been suggested (Polovina 
et al., 1985). This is based on the un- 
tested assumption that the abundance 
per mile of 200 m contour in the 
Marianas is the same as that in the 
Hawaiian Islands. For Guam and 
Galvez-Santa Rosa Banks, the equiva- 
lent upper yield would be 50-112 t. 
No figure is available for Rota Banks 
and 45° Banks. 


Participation and Effort 


The estimated annual number of boat 
trips and person trips has fluctuated 
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Figure 11.—Estimated annual number of boat hours and person hours 


spent spearfishing during 1985-91. 
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Figure 12.—Catch rates as kg per boat hour and kg per person per hour 
spent spear-fishing during FY 1985-91. 


widely since 1985, ranging from 325 
to 1,280 and from 911 to 3,475, respec- 
tively. The estimated annual number of 
boat hours and person hours has also 
fluctuated widely, ranging from 2,167 to 
9,385 and from 5,312 to 26,088, respec- 
tively. No clear trends are apparent. 


Catch Rates 


Catch rates since 1985 have ranged 
from 1.0 to 3.8 kg/boat-hour and from 
0.4 to 1.4 kg/person-hour, respectively, 
with no apparent trend or correlation 
with annual landings. 


Economics 


Bigeye scad are sold by subsistence 
and commercial fishermen along the 
roadside, in stores, or directly to res- 
taurants. Bigeye scad and closely re- 
lated species are also imported fresh 
from the Philippines. Neither the pro- 
portion of the annual harvest that is 
sold nor revenues have been estimated 
for this fishery although some sales 
information is available on the offshore 
survey data base. An assessment of the 
economics of this fishery is not pos- 
sible at this time. Since bigeye scad are 
usually the single most important inshore 
species in terms of annual landings, their 
economic importance must be great. 


Discussion 
Pelagic Fishery 


At present, trolling is the only 
method used by Guam’s small-boat 
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fishery that targets pelagic species. The 
targeted species are all migratory, high- 
trophic-level predators. Fish caught in 
the vicinity of Guam are part of re- 
gional or possibly Pacific-wide stocks. 
Although some species may linger in 
the vicinity of Guam for a while, they 
are generally seasonal in occurrence, 
have very high fecundity, and grow 
fast. Pelagic species that spend at least 
the daylight hours >50 m (broadbill 
swordfish, Xiphias gladius; bigeye 
tuna, Thunnus obesus; and albacore, 
Thunnus alalunga) are not locally 
fished, although there is commercial 
interest in them. 

Annual landings of Guam’s troll- 
caught species are highly variable. 
There are no apparent trends in the 
catches of mahimahi, wahoo, skipjack 
tuna, or sailfish. Catches of blue mar- 
lin increased during the past 12 years, 
whereas catches of yellowfin tuna de- 
creased. Catch rates for blue marlin 
have increased in recent years, whereas 
catch rates for skipjack and yellowfin 
tuna have declined. Increasing charter 
boat participation and interest in 
sportfishing rather than commercial 
fishing are likely causes of increasing 
catches and catch rates for blue mar- 
lin. The low marketability of skipjack 
tuna is the most likely cause for de- 
clining catch rates for that species, but 
declining catches and catch rates for 
yellowfin tuna may be stock related. 
These two tunas as well as bigeye tuna 
are the principal components of the 
Guam-based domestic purse seine and 


foreign longline fisheries which oper- 
ate primarily in more southern Feder- 
ated States of Micronesia waters. The 
impact of these large-scale fisheries 
on stocks of these, as well as inciden- 
tally caught mahimahi, wahoo, blue 
marlin, and sailfish, are largely un- 
known, and the data necessary to as- 
sess this are not available to U.S. 
fisheries scientists. However, landings 
of longline-caught tuna transshipped 
through Guam are being collected by 
the Guam Department of Commerce; 
the South Pacific Commission is col- 
lecting data on the purse seine fishery 
and has a major tagging study of yel- 
lowfin tuna in progress. The most com- 
plete assessment of blue marlin to date 
(Skillman, 1989) indicates that it is 
growth overfished, but that the situa- 
tion may be improving because of in- 
creased use of deep vs. shallow longline 
gear. 

A major complaint by troll fisher- 
men is that they must now travel far- 
ther to obtain the same catches they 
once enjoyed closer to Guam. To evalu- 
ate this apparent indicator of possible 
overfishing, a detailed analysis of catch 
rates by primary fishing area must be 
done. Although the necessary infor- 
mation is on the data base, outmoded 
computer equipment and a shortage of 
personnel have prevented such an 
analysis. With the possible exception 
of yellowfin tuna, there is no other 
indication of overfishing. 

Management of the local pelagic 
fishery is meaningless because Guam’s 
small trolling fleet does not have the 
potential to affect the stocks. How- 
ever, certain beneficial measures have 
and could be taken. The deployment of 
FAD’s probably helps to attract and 
hold migrating pelagics closer to Guam. 
The banning of longlining within 50 
miles of the 100-fm contour of Guam 
and its satellite banks reduces the risk 
of gear conflicts and prevents the in- 
terception of pelagics once they are 
within the range of the trolling fleet. A 
similar ban on domestic purse seiners 
could also benefit the troll fishery, but 
this is highly unlikely on legal grounds. 

The charter and recreational compo- 
nents of the fishery are economically 
healthy, and continued growth is ex- 
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pected. However, the health of the com- 
mercial component is in decline be- 
cause of a combination of competition 
from cheaper, more efficient sources 
including longline-caught fishes rejected 
for transshipment and the absence of a 
unified local marketing effort. 


Bottomfish Fishery 


The bottomfish fishery appears to 
be stable, but the dominance of small 
species with high turnover rates is in- 
dicative of a mature fishery in which 
the larger, long-lived species are over- 
fished. Indeed, two of the most impor- 
tant, desirable, and largest of the 
deep-water species in “virgin” catches 
have nearly disappeared in recent years. 
The grouper Epinephelus octofasciatus, 
which represented 13% of the catch 
(90% of which were the deep-water 
component) in the late 1960’s and was 
a prominent component of catches in 
the relatively unexploited Common- 
wealth of the Northern Mariana Islands 
in the early 1980’s (Ikehara et al., 1970; 
Polovina et al., 1985), is now rarely 
caught and has not even appeared in 
the sampled catch for most years since 
1980. Catches of onaga, Etelis 
coruscans, the single most important 
species in catches of the late 1960’s 
(25%), have decreased considerably 
during the past 6 years. However, un- 
changing mean sizes of 10 important 
bottomfish species since 1980 (5 shal- 
low and 5 deep) indicate that the fish- 
ery is stable. 

Polovina and Ralston (1986) calcu- 
lated an annual equilibrium yield for 
the 125-275 m depth band of 15.6 t for 
Guam and 7.8 t for the Galvez-Santa 
Rosa Banks region (23.4 t total, but 
this excludes the smaller Rota and 45° 
banks). The mean annual harvest for 
the 1980-91 period was about 24 t, 7 
of which were deepwater species. The 
largest estimated annual deepwater har- 
vest was 12.8 t (42.8 t in 1985 for all 
depths), well under the estimated equi- 
librium yield. For the fishery as a whole, 
there is no indication of overfishing. 

Since it is impossible to target a 
given species reliably and the viability 
of released deep-water species is un- 
likely, species-specific management 
measures would not be practical. At 
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some point, a value judgement must be 
made whether or not to sacrifice the 
most vulnerable species in return for 
increased overall yields. Assuming that 
there is a single archipelagic stock, then 
as long as there are refuges in the form 
of lightly fished banks or islands suffi- 
cient to insure an adequate spawning 
stock biomass of key species, no specific 
management measures are necessary. 

The economics of the fishery is com- 
plex and poorly understood. Although 
supply has never met the demand, sev- 
eral factors probably limit participa- 
tion. These include competiton from 
inexpensive imports of reef and bot- 
tomfishes and a booming economy that 
offers better opportunities elsewhere. 
No one depends on bottomfishing to 
earn a living. There have been no full- 
time commercial highliners since the mid- 
1980’s, and increasing annual landings 
since then are attributable to an increase 
in the number of participants which are 
probably primarily recreational and sub- 
sistence fishermen. 

More effective management of the 
fishery would be facilitated by a clear 
separation of deep- and shallow-water 
effort as well as catches and better con- 
sideration of the overlap and interac- 
tion of the shallow water component 
with other competing fisheries. Biologi- 
cal studies of key species are desirable. 


Reef-Fish Fishery 


Spearfishing is the only significant 
reef-fish fishery other than the shallow 
bottomfish fishery which uses small 
boats. The same stocks are also har- 
vested by shore-based spearfishing as 
well as other methods. Catch rates have 
increased during the past 3 years pri- 
marily because of an increase in the 
use of scuba equipment and the ten- 
dency of certain “highliners” to shift 
to deeper water. The sample size is 
insufficient for statistically significant 
trends to be detected. To date, biologi- 
cal data on the species have not been 
examined, nor have there been any 
studies of the biology of key species. 
However, anecdotal information sug- 
gests that some species, if not the fish- 
ery as a whole, are overfished. There is 
universal agreement among long-time 
spearfishermen that catches are down 


considerably from several years ago, 
and that one has to travel to the least 
accessible areas or to visit deeper wa- 
ter to obtain worthwhile catches. This 
author as well as other divers have 
noticed a decline in many of the larger 
species during the past 15 years. In 
comparison to other relatively unfished 
islands in the region, the community 
structure of Guam’s reef fishes was 
noticeably different as long as 15 years 
ago and dominated not only by small 
species that mature rapidly but also by 
relatively small individuals of many 
species. There also seems to be a trend 
among divers in general, particularly 
the transient military and nonin- 
digenous population, to take up 
nonconsumptive activities such as pho- 
tography. Since this group consists pri- 
marily of those with relatively low 
spearfishing skills, the remaining 
skilled fishermen could cause the catch 
rate to increase until biological rea- 
sons impact it. However, no statistical 
significance can be attached to appar- 
ently increasing catch rates in recent 
years because of high variability and 
small sample sizes. 

De facto refugia in the form of sea- 
sonal rough water as well as less ac- 
cessible islands in the CNMI and 
offshore banks may prevent recruit- 
ment overfishing for many species. 
However, many lagoon and reef-flat 
species do not benefit from this and 
are under considerable fishing pres- 
sure at Rota and Saipan, the only other 
islands with these habitats. 

New management measures are 
needed to prevent a decline in this fish- 
ery. A network of permanent preserves 
that encompass a diversity of habitats 
and that are large enough to ensure the 
protection of the more mobile and 
larger, more vulnerable species is 
needed. This would also reduce the 
potential for conflicts by satisfying the 
demands of nonconsumptive users. 
Species-specific management of the 
most vulnerable species is also desir- 
able. Restriction of certain practices such 
as the commercial sale of speared fish 
or the use of scuba to spear fish, particu- 
larly at night, should be considered. 

Although no economic information 
has been summarized, the supply has 
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never met the demand. However, com- 
petition from inexpensive imports 
keeps prices low and may reduce the 
pressure on the resource. 


Bigeye Scad Fishery 


Estimated annual landings since 
1985 have fluctuated widely. Good and 
poor years coincide well with estimated 
annual landings by shore-based meth- 
ods, indicating that these results are 
real rather than the result of inadequate 
sample size. There is no indication of 
overfishing. Since the largest estimated 
combined annual catch for Guam for all 
methods—84.3 t—falls midway between 
suggested upper equilibrium yields based 
on studies in the Hawaiian Islands, this 
fishery should be closely monitored. 
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An Overview of Guam’s Inshore Fisheries 


REBECCA A. HENSLEY and TIMOTHY S. SHERWOOD 


Introduction 


Background 


Since long before the first contact of 
westerners with native Guamanians (or 
Chamorus') in 1521, fish has been the 
primary source of protein for the is- 
landers. Little is known about tradi- 
tional management of Guam’s 
fisheries, but fishing was and has re- 
mained an important part of life and 
culture. In the past, subsistence fishing 
provided Guam’s residents with an 
ample supply of fish. Most of the fish 
caught were consumed by fishermen’s 


'Chamoru, previously Chamorro, is the cur- 
rently accepted spelling of the indigenous people 
of Guam. 


The authors are with the Division of Aquatic 
and Wildlife Resources, Government of Guam, 
P.O. Box 2950, Agana, Guam 96910. Corre- 
spondence to them may be addressed as fol- 
lows: R. A. Hensley, Texas Parks and Wildlife 
Department, 1231 Agnes St., Corpus Christi, 
TX 78401; and T. S. Sherwood, 3245 Austin 
Dr., Colorado Springs, CO 80909. Views of 
opinions expressed or implied are those of the 
authors and do not necessarily represent the 
position of the National Marine Fisheries Ser- 
vice, NOAA. 





ABSTRACT—Guam’s nearshore reef 
fishery is a multi-gear, multispecies fish- 
ery that has undergone major changes 
through the years. Methods have evolved 
and become more modern. This, along with 
the changing economic status of Guam, 
has severely stressed the fishery. Top tar- 
geted species are being overexploited and 
“growth overharvesting” is occurring; the 
more serious form of “recruitment over- 
harvesting,” is happening to some of the 
key species. Major management concerns 
are discussed with respect to overfishing 
and habitat destruction. Management rec- 
ommendations for this fishery include gear 
restrictions, size restrictions, and the es- 
tablishment of marine conservation areas. 
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families or shared with the community 
and were harvested from three main 
areas of the sea: The coral or nearshore 
shallow adjacent areas, nearshore 
slopes to about 100 fathoms and the 
surface ocean waters. Much of the tra- 
ditional use of fish for social obliga- 
tions in the form of fiestas (large 
gatherings for funerals, weddings, 
christenings) is still practiced. 

Guam is a U.S. territory located in 
the western Pacific (Fig. 1). It is the 
southernmost and largest island in the 


Mariana Island Archipelago with over 
130,000 people on about 550 km”. 
Much of the change in Guam’s fisher- 
ies, from traditional subsistence fish- 
eries to the more modern subsistence, 
commercial, and recreational fisheries 
has occurred since World War II. 
Johannes (1978) maintained that the 
decline.of the Pacific island fisheries 
was due mostly to change in the eco- 
nomic system of the Pacific Islands to 
a more western one which has eroded 
the ancient marine tenure laws and tra- 
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Figure 1.—Guam (13°30'N; 144°50'E) is the southernmost of the 


Mariana Archipelago. 





ditional island conservation ethics. 
This, along with the introduction of 
more modern, manufactured fishing 
materials (monofilament nets, steel 
hooks, poles, reels, spearguns, scuba 
gear, etc.), has changed the complex- 
ion of Guam’s inshore fishery and aided 
in the decline of the nearshore reef 
fishery. Ikehara et al. (1970) stated that 
Guam’s shallow inner reefs appeared 
to be fully exploited and showed signs 
of overfishing. Katnik (1982) found 
that two heavily fished areas on Guam 
were overfished and stated that other 
accessible areas on Guam could be 
equally overexploited. What was once 
a well stocked, complex fishery with 
diverse fishing methods has changed 
to a fishery under serious fishing 
pressure. 


Scope 


Because of the increased efficiency 
of fishing techniques due to introduc- 
tion of modern materials and because 
of the increase in fishermen and the 
island population, the Guam Division 
of Aquatic and Wildlife Resources 
(DAWR) recognized the need to pro- 
tect the fishery from overharvesting. 
Initial monitoring of the resources be- 
gan in the 1960’s, and it had evolved 
by 1982 into the current creel survey 
methodology adapted from Malvestuto 
et al. (1978). Because of the different 
usage and the different areas of the sea 
utilized for the multispecies, multigear 
fisheries, Guam’s fisheries monitoring 
was divided into two projects. These 
were the “inshore” (or nearshore reef ) 
fisheries and the “offshore” (small 
boat) fisheries (Myers, 1993). The in- 
shore fisheries discussed here will en- 
compass the coral or nearshore shallow 
adjacent waters which consists mostly 
of fringe reefs. 

This paper describes inshore fisher- 
ies, concentrating on data from 1982 
through 1991. We discuss fishing tech- 
niques and data collection and compi- 
lation for landing and effort estimates 
of Guam’s fishery. The harvest com- 
ponents (finfish, nonfinfish, and sea- 
sonal juveniles or traditional fishery) 
and current management practices are 
described with suggestions for conser- 
vation of the fishery. 
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Guam’s Inshore Fisheries 
Historic Fishing Methods 


Detailed fishing techniques from 
prehistoric times have been described 
by Amesbury et al. (1986) and will be 
only briefly described here. Early fish- 
ing techniques (prior to the 1930-40 
period) employed gear composed of 
natural materials. Today, inshore (or 
reef and lagoon) methods have incor- 
porated modern equipment and have 
been modified in some manner from 
the traditional form of fishing. Some 
form of hook and line fishing, usually 
handline, has been done since the ar- 
rival of the Chamorus on Guam around 
1500 BC (Amesbury et al., 1986). Net 
fishing has included forms of dip net- 
ting, bag seining, throw netting, sur- 
round netting, drag netting, and gill 
netting (a more recent form of net fish- 
ing). Fishing with traps and spears has 
occurred throughout the history of 
Guam. Women historically harvested 
the seagrass parrotfish (Scaridae) and 
some wrasses (Labridae) by hand. All 
social classes of Chamorus harvested 
eels with iron spears and crabs with 
multipronged spears. Gleaning for in- 
vertebrates has always occurred, espe- 
cially for mollusks and algae for use as 
either bait or food. The Spaniards 
gleaned for sea cucumbers. 

Several types of fishing no longer 
occur. Two of these are the opelu or 
hachuman fishing (for Decapterus sp.) 
and the decoy method of fishing 
(Amesbury et al., 1986). Turtles were 
harvested until 1976 when it was pro- 
hibited. Other currently prohibited 
methods include fish weirs, fish poi- 
soning from root extract (Barringtonia 
asiatica tree), chlorine bleaching, and 
dynamiting. These are still practiced 
illegally on a small scale. 

Traditional fishing practices are still 
observed routinely on Guam. One prac- 
tice is the fishing for seasonal juve- 
niles recruiting to the reef flats 
(discussed below), while the other prac- 
tice involves sharing the catch. The 
catch from the surround net or chen- 
chulu (when used for catching seasonal 
mackerel or Selar crumenopthalmus) 
is still divided up into thirds with the 


portions going to the owner of the net, 
the village where the fish were caught, 
and those who helped harvest the catch. 


Contemporary Fishing Methods 


Many of the currently used methods 
are very efficient because the technol- 
ogy and materials used are readily 
available at a minimal cost. Contem- 
porary methods include hook and line, 
net fishing (cast, gill, drag, and sur- 
round net), spear fishing (snorkel and 
scuba), hook and gaff, and “other” 
methods (a miscellaneous category that 
includes mostly gleaning for inverte- 
brates). These methods, modified 
through time, are described below and 
account for the harvest of over 100 
species of finfish and 40 nonfinfish 
species (3 lobster, 9 crab, 24 mollusk, 
and 4 echinoderm)* (Amesbury et al., 
1986, 1991). 

Currently, the most popular fishing 
method on Guam is hook and line. This 
technique ranges from the use of 
handlines to rod and reel with lures or 
baited hooks. Recently, we have ob- 
served fly fishing in Guam’s waters. 

The majority of the fish harvested 
are taken by net fishing. All types of 
net fishing done today, except gill net- 
ting, have long histories on Guam. Net 
mesh sizes range from 1/4-inch stretch 
(for seasonal juveniles) to greater than 
3-inch stretch. The cast net or throw 
net (talaya) is one of the few nets that 
are still hand woven (using mono- 
filament) by the traditional talaya fish- 
ermen>. These nets vary in mesh size 
and number of pockets depending on 
the fish targeted. 

Other than the modern equipment, 
drag netting has changed very little 
through time. It still is the simplest 
form of net fishing where the net is 


?This identifies all information, unless other- 
wise cited, obtained by the authors from Guam 
Fisheries Investigations-Project FW-2R-26 Job 
Progress Reports (Jobs: F-F1—2 Inshore Fisher- 
ies Survey; F-F1—3 Fisheries Data Processing; 
F-F1-8 Studies of Recreationally Important 
Reef Fish). Information can be obtained from 
the Division of Aquatic & Wildlife Resources 
(DAWR), Dept. of Agriculture, P.O. Box 2950, 
Agana, Guam 96910. 


3D. Narcissi, Talaya fisherman, Guam Envi- 
ronmental Protection Agency, Harmon, Guam 
96912. Personal commun. 
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pulled through the water as the fish are 
driven into the net. Today, this method is 
most often, but not always, used at night. 

The use of the surround net or chen- 
chulu has occurred for many years. 
Today, two types of surround netting 
occurs. In the first type, two people 
transport the net through the water on 
two large inner tubes. The fishermen 
begin setting the net in a ‘U’ shape and 
close the net into a circle as a second 
group of people drive the fish into the 
net. Once the net is set, the fishermen 
dive into the enclosure and harvest the 
fish by spear and/or hand. The second 
form of the surround net, also called 
the atulai gill net (Amesbury et al., 
1986), is one that is used to harvest 
seasonal mackerel or atulai. This net is 
most commonly used in the harbors, 
channels, or bays. When a school of 
atulai is sighted, a boat surrounds the 
fish with the net and the school can be 
harvested over a period of days. 

Gill net fishing is the most recent 
form of net fishing on Guam. This 
method is very popular (usually rank- 
ing in the top three of all methods used). 
This popularity is due to the availabil- 
ity of the gill nets, the comparative 
low cost, and the effectiveness of the 
modern monofilament materials. The 
net is used at any time of the day or 
night, but it is most successful on an 
ebb tide where fish escaping the shal- 
lows are gilled in the net. 

Spearfishing has undergone a vast 
change with the advent of modern 
equipment, evolving from handmade 
spears and freediving to spearfishing 
with scuba gear. Spearfishing with 
snorkel and spearfishing with scuba 
target different fishes and are consid- 
ered separate techniques. Because of 
the highly selective nature of both of 
these methods, spearfishing harvest 
consists of fish of larger species (i.e., 
humphead parrotfish, Bolbometopon 
muricatum) than other fishing techniques. 

The remaining two methods are pri- 
marily used for harvesting nonfinfish. 
The use of hooks and gaffs targets oc- 
topus, although some mantis shrimp 
and miscellaneous fish are also caught. 
The last method, a catch-all category 
appropriately called “other,” generally 
includes gleaning for nonfinfish. New 
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or little-used techniques like dip net- 
ting and mantis shrimp traps fall into 
this miscellaneous category. 


Inshore Creel Survey 


The primary objective of the inshore 
fisheries survey was to obtain the most 
accurate estimate of the total annual 
inshore fisheries harvest in order to 
monitor and manage the resource. Fish- 
ing activity has been monitored since 
the early 1960’s when much of the 
early information was taken by DAWR 
conservation officers (law enforcement 
personnel). Monitoring changed over 
the years, as did fish identification. 
The early 1960’s catch was identified 
by the Chamoru name of the fish. Prob- 
lems with catch composition arose be- 
cause one name could mean any wrasse 
species, parrotfish would be identified 
by color (blue, brown, white, and 
green), and rabbitfish would be identi- 
fied by at least five names that de- 
scribed the fish by size. As taxonomic 
skill increased, the catch was reported 
in increasing detail. 

Working closely with the U.S. Na- 
tional Marine Fisheries Service, the 
DAWR developed a program for ana- 
lyzing the inshore fisheries. Since the 
installation, all the data collected has 
been analyzed by this program. In 1991, 
we modified and restructured our analy- 
sis to allow comparison of data from 
1982 to the present. (Because of method- 
ological changes, data prior to 1982 do 
not lend themselves to analyses.) 


Survey Methodology 


Because much of the shoreline is 
inaccessible to most fishermen (i.e., 
military bases, clifflines), not all of 
Guam is surveyed. Data collection for 
the inshore fisheries expansion is con- 
ducted in an area representing 85% of 
the total fishing participation (verified 
from shoreline usage seen during aerial 
surveys). A two-part roving creel sur- 
vey, effort (or participation) and catch, 
is performed for both day and night 
(begun in 1985) to provide sufficient 
data to allow for 90% confidence lim- 
its for the inshore analysis. Detailed 
methodology and analyses are de- 
scribed in Amesbury et al. (1991). 

During an effort survey, a surveyor 


records all active fishing participation 
(time of day, location, number of 
people, number of gear units, fishing 
methods, reef zone fished, weather con- 
ditions, and surf conditions). Counts 
are made of fishermen and gear and 
are used to estimate effort in terms of 
person-hours (p-hr) and gear-hours (g- 
hr). The catch survey is of the roving 
fisherman-intercept type and requires 
as many interviews for as many fish- 
ing methods as possible. The survey 
variables collected include fishing 
method, number of fishermen, bait 
type, number of gear, mesh size, inter- 
view time, trip length, species caught, 
numbers of catch species, and indi- 
vidual weights and lengths. Catch data 
is used to estimate overall landings (kg), 
CPUE, and species composition. 

The majority of the species caught 
are represented with this methodology. 
Species that recruit en masse, like 
mafiahak (rabbitfish) or atulai, cannot 
be adequately represented in the cur- 
rent creel survey. Catch estimates of 
these species are obtained when the 
recruiting runs occur and are added to 
the survey expansion catch values to 
obtain the yearly inshore harvest. 


Finfish 


Finfish are the primary harvest (usu- 
ally >95%) of contemporary fishing 
methods. This harvest includes all sizes 
of reef fish, even the highly antici- 
pated seasonal runs of juveniles. 
Deepwater and/or pelagic fish, nor- 
mally harvested using offshore tech- 
niques, are occasionally caught using 
inshore methods. Over 100 species of 
finfish are harvested in the inshore fish- 
ery. The primary families include: 
Acanthuridae, Carangidae, Gerreidae, 
Holocentridae, Kyphosidae, Labridae, 
Lethrinidae, Lutjanidae, Mugilidae, 
Mullidae, Scaridae, and Siganidae. The 
top ten species caught in the inshore 
fishery, not including seasonal juve- 
niles, are Naso unicornis, Caranx 
melampygus, Siganus spinus, Mul- 
loides flavolineatus, Lethrinus harak, 
Valamugil engeli, Kyphosus cineras- 
cens, K. vaigiensis, Cheilinus fasciatus, 
and Gerres sp. Ranking of these spe- 
cies changes as fishing pressure and 
gear use fluctuates. 





The harvest of one of these key spe- 
cies, Mulloides flavolineatus, best de- 
scribes what is occuring in the finfish 
fisheries. By 1991, the harvest declined 
by 90% over a 6-year period (from 
33,896 to 3,417 kg). The 100-150 mm 
size class is targeted in the traditional 
fishery, which prevents many fish from 
reaching larger size classes and further 
impacts the reproductive potential of 
the population. The downward trend 
in overall harvest is characterized by 
the absence of larger females that rep- 
resent the major portion of the spawn- 
ing potential. 

Many of the once economically im- 
portant larger species, like the 
humphead parrotfish, Bolbometopon 
muricatum, wrasse, Cheilinus undu- 
latus; groupers over 25 kg, and snap- 
pers are rarely seen in Guam’s waters, 
much less reported on the inshore sur- 
vey catch reports. Interest in the har- 
vest of aquarium fish is on the rise, 
while the actual harvest appears to be 
declining. These fish may be less sus- 
ceptible to overfishing because of their 
high turnover rate, but problems are 
beginning to surface with respect to 
the use of chemicals for fish collect- 
ing, habitat destruction, and unmon- 
itored or illegal catches. 


The harvest of recruiting juvenile 
fishes (Table 1) makes up Guam’s tra- 
ditional finfish fishery. It historically 
has been and still remains an impor- 
tant part of the nearshore reef fisher- 
ies. Seasonal juvenile harvest can range 
from a minor component of <1% (in 
1982-83) to over 50% of the overall 
harvest (in 1991). 

Two major components of the juve- 
nile harvest are mafiahak and atulai 
(Fig. 2). The local residents anxiously 
await the recruitment of both species 
to the nearshore reef waters. Even 
though the yearly run of mafiahak does 
not always occur, fishermen will gather 
at the shoreline during the first few 
days of the last quarter lunar phase of 
the expected recruitment period. The 
mafiahak recruit onto the flat area of 
the reef in aggregations or “balls”, as 
they undergo morphological develop- 
ment from planktivorous to herbivo- 
rous fish (Kami and Ikehara, 1976). 
The largest, as well as the most eco- 
nomically valuable, catch of mafiahak 
is prior to the complete coloration and 
dietary change (the first 1-2 days on 
the reef). Harvesting of mafiahak is 
conducted with all nets using a !/4- 
'/2 inch stretch mesh size. Atulai usu- 
ally begin their seasonal runs into in- 


shore waters by the age of 4 months 
(Amesbury et al., 1986). The atulai are 
harvested with surround nets, cast nets, 
and by hook and line and usually rep- 
resent the majority of the seasonal 
harvest. 

The recruitment of other juveniles, 
like i’e’ (jacks), ti’ao (goatfish), en 
masse and aguas (mullet), do not occur 
like the mafahak or atulai, but they are 
still heavily fished. The recruitment 
periods for these juvenile fishes often 
overlap and peak harvests are seen ev- 
ery 3-4 years. The harvest of these 
juveniles is primarily by net fishing 





Table 1.—S | juvenile fishes targeted in 
Guam’s traditional finfish fishery. Chamoru names 
are after Kerr (1990). 





(English Name) 


Chamoru name Family and species targeted 





Aguas (mullet) 

Atulai (bigeye 
scad, mackerel) 

Achemsom! 
(fusilier) 

l'e’ (jacks) 


Mugilidae 
Carangidae; Se/ar 
crumenopthalmus 


Caesionidae 
Carangidae; 
primarily Caranx melampygus 
Siganidae; Siganus spinus, 
S. argenteus 
Mullidae; Mulloides flavolineatus 


Manahak 
(rabbitfish) 


Ti’ao (goatfish) 





' Many local fishermen use this name to incorrectly 
identify juvenile fusiliers when they recruit en masse. 
Achemsom actually means small rainbow runner 
(Carangidae; primarily Elegatis bipinnulatus). 





Mafiahak Harvest (kgs) 





|  Mafiahak (kgs) <* Atulai (kgs) 


\ 


Atulai Harvest (kgs) 
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Figure 2.—Estimated harvest from 1982 through 1991 of two of Guam’s seasonal juveniles (mafiahak = 
young rabbitfish, primarily Siganus spinus; atulai = young mackerel, Selar crumenopthalmus; FY = 12- 
month fiscal year). Names are after Kerr (1990). 
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(using 1/4—1/2 inch stretch mesh size), 
except the i’e’ which are often har- 
vested by hook and line. 


Nonfinfish 


Until recently, the funding con- 
strained the DAWR to work on fin- 
fishes only; therefore, information on 
nonfinfish is limited to catch statistics 
for methods that also target finfish. 
Since harvesting of invertebrates is one 
of the less frequent and easily missed 
activities (i.e., virtually all lobsters are 
taken by spearfishing), our nonfinfish 
harvest is probably underestimated. For 
a few of the species most often col- 
lected, the true annual catch is prob- 
ably only a few metric tons at most. 

The coral reef is Guam’s single most 
valuable resource, and, over the years, 
coral has been harvested for ornamen- 
tal and commercial use. The most com- 
mon corals harvested commercially in 
the past included Acropora, Antipathes, 
Fungia, Heliopora, and Tubipora sp. 
(Hedlund, 1977). Coral (dead or live) 
is no longer legally collected without a 
permit (now issued for educational or 
research purposes only), and the regu- 
lation is strictly enforced. 

Two species of green algae (Caulerpa 
racemosa and Codium sp.), two species 
of red algae (Gracilaria edulis and 
Asperagopsis sp.) and one species of 
brown algae (Sargassum polycystum) are 
commonly harvested (Hedlund, 1977). 
The green algae or seaweed is seasonal 
(usually January through May) and when 
collected, is often sold at local markets. 
Sargassum and Enteromorpha sp. are also 
collected as bait for rod and reel fishing 
for herbivores*. 

Many molluscan species have been 
and are still harvested on Guam. About 
15 bivalve species (3 of which are 
tridacnid clams) have been harvested 
on Guam (Stojkovich and Smith, 1978). 
Other shelled mollusks collected in- 
clude Trochus sp. (topshell or aliling), 
chitons, conchs, nerites, and strombids 
(Smith, 1986). A few of these mol- 
lusks (plus some not mentioned) are 
collected for ornamental use. The oc- 
topus is the most sought after unshelled 


4R. A. Hensley, DAWR, P.O. Box 2950, Agana, 
Guam 96910. Personal observ. 
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mollusk; squid and cuttlefish form part 
of the incidental catch. Of all these, 
only Trochus has a fisheries potential 
and is currently regulated with size re- 
strictions and is strictly monitored. 

Crustaceans make up a major por- 
tion of the nonfinfish catch. About nine 
species of crab are hunted, including 
land and marine crabs. Carpilus 
maculatus (7-11 crab) and Etisus 
splendens are primarily targeted, 
whereas Calappa hepatica and rarely 
C. calappa (box crabs) are taken as 
incidental catch during net fishing, 
spearfishing, or gleaning. Two species 
of land crabs (Cardisoma carnifex and 
Birgus latro) are also highly prized, 
but are not monitored on the inshore 
fisheries surveys. Lobster catches are 
highly prized. The following species 
are identified in Guam’s catches: 
Palinuridae (Panulirus longipes, P. 
ornatus, P. pencillatus, P. versicolor), 
Homaridae, and Scyllaridae. The spiny 
lobster, primarily P. pencillatus and 
the slipper lobster, Scyllarides squa- 
mosus, are the two main components 
of the inshore lobster catch and are 
harvested by spearfishing and “other” 
techniques (i.e., gleaning). Mantis shrimp, 
another crustacean, is often mistaken for 
lobster by some fishermen. It is harvested 
by hooks and gaffs, shrimp traps, and 
through incidental catches. 

Smith (1986) stated that other inverte- 
brates harvested have included two spe- 
cies of sea urchins (Tripneustes gratilla 
and Echinometra mathaei), two species 
of sea cucumbers (Stichopus horrens and 
Holothuria atra) and a freshwater shrimp 
(Macrobrachium sp.). The sea urchin T. 
gratilla has been harvested for ripe go- 
nads. The harvest of sea cucumbers is 
sporadic (H. atra is the most common 
species harvested). Present harvest is less 
than that reported in the late 1800s, when 
catches of 2-3 tons were documented 
(Amesbury et al., 1986). 

Five species of sea turtles have been 
identified in Guam’s waters>. Harvest 
of sea turtles on Guam was prominent 
prior to World War II and occurred 


Hensley, R. A. The distribution and abundance 
of marine turtles from 1966 to 1992 in the 
waters of Guam. Texas Parks and Wildlife De- 
partment, 1231 Agnes St., Corpus Christi, TX 
78401. Unpubl. manuscr. 


legally until 1976. Inshore catch re- 
ports for 1967-68 noted landings of 
over 80 turtles in 18 months, the larg- 
est individuals weighing an estimated 
450 pounds. It is currently difficult to 
determine the extent of the actual catch 
because of the illegal nature of this 
activity. Examples of significant poach- 
ing activities were seen during a 2- 
week period in 1990-91, when an 
estimated 20 turtles (in two separate 
incidents) were poached. 


Catch and Effort Estimates 


Overall catch values for 1982-91 
for all fish caught (finfish, nonfinfish, 
and seasonals) for both day and night 
are shown in Figure 3. In 1990, the 
participation declined to less than 50% 
(42,294 fishermen) of the 1984 high 
(107,391 fishermen). Similar trends for 
effort and catch are seen (Fig. 3) where 
the highs occurred in 1984, but lows 
occurred in 1989 and 1990. Effort and 
participation increased in 1991 and are 
attributed to an excellent year for sea- 
sonal juvenile harvest. If harvest esti- 
mates for atulai and mafahak (Fig. 2) 
were removed from the catch values, 
the overall harvest falls between 1989 
and 1990 estimates. The 3-4 year pulse 
of other juveniles (i’e’ , aguas, and ti’ao) 
was also observed in 1991 and falsely 
elevated the survey estimates (number 
of participants, gear, catch, etc.). If the 
juvenile harvest values were removed 
from all years, the 1991 harvest esti- 
mate would still be smaller than any 
previous year. 


Day Fishing Estimates 


Day harvest and effort values for 
means for reef fisheries during 1982- 
91 are shown in Figure 4. A 60% de- 
cline in the number of fishermen 
occurred in 1990 (30,396) from a high 
in 1984 (97,603). Similar trends for 
inshore finfish are seen for both effort 
and catch (Fig. 4) where highs occurred 
in 1984. Catch follows effort until 1988 
when harvest continues to drop while 
the effort increases. Nonfinfish effort 
declined over 90% by 1989 (2,759g- 
hr) from a high in 1982 (28,613 
g-hr). Harvest of nonfinfish, though 
underestimated, declined from 29,499 
kg in 1982 to 1,289 kg in 1990. Both 


133 





finfish and nonfinfish show declines in 
effort and harvest estimates for 1988-91 
as compared with the 1982-87 period. 


Night Fishing Estimates 


During the night surveys from 1985 
through 1991, effort reached a high for 


finfish in 1987 (58,893 g-hr) and de- 
clined more than 50% to a low in 1990 
(25,181 g-hr). Night harvest of finfish 
rose to a high of 23,538 kg in 1988 
before declining to less than 50% in 
1991 (10,285 kg). Nonfinfish showed 
little change in effort until the drop in 


1989-90 (from >2,000 to 340 g-hr). 
The overall night harvest was com- 
posed of nonfinfish harvest that ranged 
from 3.2% (361 kg) in 1989 to 23% 
(4,684 kg) in 1986. 
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Figure 3.—Estimated effort and harvest of Guam’s nearshore reef fisheries from 1982 through 1991 
(catch = harvest of all finfish and nonfinfish for both day and night, FY = 12-month fiscal year). 
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Figure 4.—Estimated effort catch of Guam’s inshore fisheries for the daytime from 1982 through 1991 
(catch = total harvest of finfish without majiahak or atulai harvest, FY = 12-month fiscal year). 
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Gear Usage and CPUE 


The most popular fishing methods 
for day and night are seen in Figures 5 
and 6, respectively. Hook and line is 
the most popular method for both day 
and night, but consistently has one of 
the lowest CPUE’s (catch per unit of 
effort) ranging from 0.05 to 0.36 for 
both day and night. The second and 
third most popular methods for day 
fishing are cast and gill net. During 
1982-84, “other” displaced gill net 
from the top three. After 1985, most of 
the participation can be seen with the 
top three methods (hook and line, cast 
net, and gill net). 

Figure 6 shows the most popular 
night fishing methods. Spearfishing 
with snorkel gear ranks second, more 
often than gill net, drag net, or 
“other” methods. Except in 1985, when 
“other” displaces gill net from its third 
ranking, gill net fishing has increased 
in popularity where it ranked second 
for 1986-91. 

Many gear use fluctuations are due 
to the popularity of methods with high 
CPUE’s. The highest day CPUE’s (usu- 
ally about 2.0—4.7) are most often seen 
with net fishing (mainly drag net, sur- 
round net, and gill net) followed by 


slightly lower CPUE’s for spearfishing 
with scuba and “other”. Night CPUE’s 
fluctuate more than day CPUE’s and 
are highest for spearfishing, drag net- 
ting, and gill netting. Much of the 
CPUE fluctuations, especially with net 
fishing methods like cast, drag, and 
gill net, can be attributed to the sea- 
sonal aspect of the fisheries with re- 
spect to traditional fish harvests. 


Research 


The DAWR has been involved in 
many aspects of research. For many 
years, aquaculture potential for fresh- 
water finfish was investigated. Cur- 
rently, aquaculture research is still 
conducted (marine finfish and inverte- 
brates) and involves another govern- 
ment agency, private companies, and 
the University of Guam. Most recently, 
DAWR began a study of the feasibility 
of restocking the giant clam Tridacna 
derasa. Studies on the biology and life 
histories of some recreationally impor- 
tant fishes began in 1984. To date, 
Siganus spinus and Mulloides flavo- 
lineatus biological profiles have been 
completed, with Lethrinus harak in 
progress. These biological investiga- 
tions have been aided by the graduate 


program at the University of Guam where 
students investigate important species like 
Acanthurus triostegus, A. lineatus, and 
Naso literatus (Molina, 1983; Davis, 
1985). Even with the research being done 
by local and visiting scientists, there is 
still an enormous amount of information 
lacking on Guam’s fishes. 


Work toward identifying the many 
fish species in Guam’s waters has oc- 
curred (Kami et al., 1968; Kami, 1971, 
1975; Myers and Shepard, 1980; 
Shepard and Myers, 1981; Amesbury 
and Myers, 1982; Myers, 1988, 1989). 
This documentation continues as new 
species are recorded. The species com- 
position of the fishery on Guam has 
been made possible by the various 
check-lists of the fishes in Guam’s 
waters. Aerial surveys are periodically 
performed to monitor inshore fishing 
activity in nonsurveyed areas of Guam. 
Incidental information acquired in- 
cludes offshore fishing information and 
turtle abundances?. 


Future investigations are planned for 
other recreationally important reef spe- 
cies to make sound management sug- 
gestions (size, bag limits, seasonal 
closures). Otolith work has been initi- 
ated through the University of Guam. 
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Figure 5.--The most popular fishing methods in Guam’s inshore fisheries for the day from 1982 
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fiscal year.) 
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(number of fishermen = number of people using specific method; FY = 12-month 
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Figure 6.—The most popular fishing methods in Guam’s inshore fisheries for the night from 
1985 through 1991 (number of fishermen = number of people using specific method, FY = 12- 


month year). 


Analyses of the stocks and future fish- 
ing potential is continuing through the 
modifications in existing expansion 
methodology and creel survey infor- 
mation®. 


Management Concerns 


As the human population grows, 
modern fishing techniques improve, 
and fish stocks decline, the need for 
the management of Guam’s tropical 
coral-reef fisheries increases in order 
to protect the reef habitat from over- 
fishing as well as from pollution and 
destruction. The effects of pollution 
are seen as a result of development and 
population growth. Much of Guam’s 
southwestern coral reefs are covered 
with silt from freshwater runoff. Be- 
cause water quality is extremely im- 
portant to viable coral reefs (and fish 
populations), strict standards for de- 
velopment, land clearing, and chemi- 
cal use should be initiated and enforced. 
Other major causes of reef destruction 
includes the use of explosives and poi- 
soning (chlorine bleach and Bar- 
ringtonia root) as fishing methods. 
Hensley, R. A., and T. S. Sherwood. Unpubl. 
data. Texas Parks and Wildlife Department, 
1231 Agnes St., Corpus Christi, TX 78401. 
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Both types of fishing are illegal, but 
through an education program (with 
respect to problems associated with 
destructive fishing practices) and strict 
enforcement, these have been declining. 
Besides pollution and destruction of 
the reef habitat, it is imperative that a 
comprehensive management program 
be established for Guam’s fisheries. 
There are enough indicators that fish- 
ing pressure on Guam’s inshore re- 
sources has reached the point of 
overexploitation of many of the key 
species. The proportion of juvenile fish 
in fisheries landings is increasing rap- 
idly. “Growth overharvesting” has been 
occurring, and the overall yield has 
declined as a larger and larger portion 
of smaller fish are harvested. It is very 
likely that “recruitment overharvest- 
ing,” where the reproduction and re- 
cruitment of the stocks show a decline, 
is currently occuring in some of the 
recreationally important species. 


Management Recommendations 


Currently, there are several seasonal, 
area, gear, and size restrictions and bag 
limits on Guamanian fisheries. These 
pertain mostly to nonfinfish such as 
the spiny lobsters, tridacnid clams, Tro- 


chus, and crabs. Gear restrictions are 
the only regulations pertaining to fin- 
fish harvest. Minimum mesh sizes of 
1'/2 inches on gill nets (except for tra- 
ditional or juvenile harvest) and hook 
restrictions for atulai (no snagging) are 
the principal restrictions. Other gear 
restrictions include length and time lim- 
its for gill net fishing and the prohib- 
ited use of fish weirs. 

New regulations are currently await- 
ing approval with one of the most 
promising avenues being the develop- 
ment of marine conservation area(s). 
These should be established to provide 
a refuge for recreationally important 
fish so they can grow, mature, and re- 
produce to increase stock health and 
recruitment. Besides the ability of an 
area closure to protect fish from har- 
vest, there are many other benefits that 
make this an increasingly popular form 
of management and conservation. The 
closure limits the catches on adjacent 
reefs without closing down the entire 
fishery and provides areas where user 
conflicts are minimized. 

Gear restrictions should be imple- 
mented and enforced. Because no other 
method for the seasonal harvest (with 
mesh sizes as small as '/4 inch) is as 
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dangerous to the entire fishery as the 
nonselective method of gillnet fishing, 
this method should be heavily regu- 
lated. The minimum mesh size for gill 
nets should be 3 inches, maximum 
length of time used should be de- 
creased, and it should be required that 
all nets be manned at all times. The use 
of gill nets for juvenile fish harvest 
should be eliminated (except atulai 
where a 1'/2-inch minimum mesh size 
should be kept). Other nets, like cast 
nets and drag nets could still be used 
for juvenile harvest without the dam- 
age to the fish stocks that gill netting 
may cause. All commercial fishing for 
seasonal juveniles using nets with mesh 
sizes less than 1'/2 inches should be 
prohibited. Because of the environmen- 
tal damage that sometimes occurs with 
drag nets, the use of this method should 
be restricted to specific areas where 
minimal destruction of habitat would 
occur. Spearfishing with scuba gear 
should be prohibited because the few 
remaining large fish of overexploited 
species are being targeted. 
Appropriate management strategies 
are difficult to develop when dealing 
with multispecies, multigear fisheries. 
Management is further impeded by the 
desire to hold on to traditional fishing 
activities which involve the harvest of 
juvenile fishes. To ensure that future 
generations enjoy the traditional har- 
vest of juveniles as well as other fishes, 
strict management regulations must be 
implemented. Of course, the ability of 
any management approach also de- 
pends on ensuring a healthy and clean 
reef environment to provide adequate 
habitat and optimal reproduction. 


Market Description 


The DAWR has been keeping track 
of the catch sold by offshore recre- 
ational fishermen (Myers, 1993) and 
has recently begun to document other 
catches, including nearshore reef fishes. 
The market for nearshore reef fish has 
increased on Guam, especially with the 
diverse cultures that eat fish as a pri- 
mary source of protein. With the in- 
flux of new people and the desire for 
local fresh fish, the market continues 
to expand. Because the prices are high, 
with the average price of $3-4/pound 
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for whole reef fish, the financial ben- 
efit for fishermen using a high CPUE 
method (gill net, surround net, drag 
net) is enormous. Many of the net fish- 
ermen encountered on the inshore sur- 
vey are no longer subsistence fishermen 
but are commercial fishermen. 

Reef fish imports from Belau and 
the Federated States of Micronesia are 
increasing. It is difficult to determine 
the amount of fish imported because 
few restrictions are placed on importa- 
tion. Further difficulties occur in moni- 
toring sales of local and imported fish 
because of the manner in which they 
are sold. Many fishermen sell their 
catch on the roadside, while others sell 
to small local stores or the large super- 
markets. Continued monitoring is nec- 
essary to obtain more knowledge of 
the commercial aspect of the inshore 
fisheries. 


The Future 


The outlook for Guam’s inshore fish- 
eries, given the current catch informa- 
tion, is poor. If management strategies 
are not incorporated soon, the remain- 
ing fishery may continue to decline to 
the point of poor productivity. The need 
for fishery imports will continue to in- 
crease as local stocks decline. This 
lower abundance and availability of 
Guam’s fishery resources could cause 
higher fishing pressure on neighboring 
islands. 

The ability to manage Guam’s fish- 
eries is limited by local politics. In an 
effort to protect the traditional fishing 
practices of the Chamorus, legislation 
has been passed without any apparent 
foresight of impact on other aspects of 
the fishery. Interpretation of the term 
“traditional” has allowed fishing prac- 
tices acquired since WWII (i.e., gill 
netting) to continue with little to no 
regulation. If allowed to continue, the 
change from subsistence fishing to “tra- 
ditional” commercial fishing will con- 
tinue to strain Guam’s fishery resources. 

The picture is not as bleak as it may 
appear, however, because many Gua- 
manians are beginning to become en- 
vironmentally aware. This is 
demonstrated by the increasingly high 
number of informants regarding ille- 
gal fishing practices (turtle poaching, 


coral harvesting, gill net abandonment, 
etc.). The DAWR continues to address 
the aspect of educating tourists (over 
740,000 in 1990) and temporary work- 
ers from foreign lands about local regu- 
lations. As Guam’s population and a 
need for housing increases, illustrated 
by the recent closure of the U.S. mili- 
tary bases in the Philippines and the 
subsequent transfer of 2,000 families 
to Guam, we see greater threats to the 
reef resources than we have now. With 
the help of the general population and 
the passage of rigid regulations, there 
is still hope for the fishery to rebound. 
However, it is highly unlikely for fu- 
ture harvests to reach pre-1987 totals. 
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